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iv OVEPALL  SUMMARY 
Within  a  few  years  of  electric  are  welding  becoming  widely  used  in  industry 
reports  of  acute  adverse  effects  on  health  began  to  appear  in  the  literature. 
Anxiety  about  possible  long  term  effects  was  fuelled  by  the  discovery  in 
the  1930s  that  inhalation  of  welding  fume  could  produce  pulmonary  siderosis 
and  by  reports  in  the  1950s  of  a  variety  of  chronic  respiratory  diseases 
being  causally  related  to  welding.  Epidemiological  studies  have  failed  to 
agree  on  whether  or  not  welders  have"a  significant  excess  of  respiratory 
illness. 
The  studies  described  in  this  thesis  have  been  undertaken  to  identify  the 
potential  hazards  to  health  associated  with  the  welding  processes  used  in 
Her  Majesty's  Dockyards,  to  investigate  methods  of  reducing  these  hazards 
and  to  determine  if  there  is  any  evidence  of  the  health  of  the  welders  being 
damaged  by  their  work.  Great  care  has  been  taken  to  avoid  the  epidemiological 
pitfalls  which  have  reduced  the  value  of  earlier  studies  by  other  workers. 
Volume  1  is  a  review  of  the  extensive  literature  on  welding  and  the  materials 
which  may  be  given  off  from  welding  processes.  The  main  processes  and  means 
of  controlling  emissions  are  described.  The  processes  and  materials  used  in 
the  Yards  are  described  in  detail.  The  risk  of  injury  is  discussed.  It  is 
concluded  that  welding  is  a  potentially  harmful  process  but  the  risk  of 
actual  harm  varies  enormously  depending  on  the  process  and  materials  used 
and  the  care  taken  to  limit  inhalation  of  pollutants.  Much  of  the  confusion 
caused  by  earlier  studies  has  been  due  to  applying  results  of  studies  of 
one  group  of  welders  to  others  with  possibly  very  different  exposures.  A 
detailed  examination  of  the  work  and  workplace  is  required  before  such 
extrapolation  is  considered. 
I Volume  two  contains  reports  of  a  series  of  epidemiological  studies  of 
welders  in  Her  Majesty's  Dockyards  to  seek  evidence  that  welding  had 
damaged  their  health.  The  studies  concentrate  on  possible  effects  on  the 
respiratory  tract  but  injuries  and  protective  clothing  were  also 
investigated  and  a  scheme  of  ongoing  health  surveillance  is  proposed.. 
In  the  first  study  (Section  A)  the  frequency  and  severity  of  absence  attributed 
to  sickness  by  welders  and  two  control  groups  were  examined  retrospectively. 
There  were  533  welders,  1352  craftsmen  who  would  have  intermittent  exposure 
to  welding  and  2167  men  with  no  exposure  to  welding.  Differences  in  age  and 
smoking  habit  were  considered  in  the  analysis.  Welders  had  no  excess  of 
absence  when  all  causes  and  all  respiratory  diseases  were  examined.  While  the 
proportion  of  welders  taking  absence  attributed  to  upper  respiratory  tract 
diseases  was  not  greater  than  controls  those  who  were  absent  were  away  slightly 
longer  than  controls.  The  proportion  of  welders  absent  because  of  lower 
respiratory  tract  disease  was  similar  to  that  in  the  control  group  but  those 
welders  who  had  absence  were  away  slightly  more  often  and  for  slightly  longer 
than  the  controls.  These  slight  excesses  in  upper  and  lower  respiratory  tract 
disease  were  mainly  in  those  who  currently  smoked.  There  were  no  excesses 
among  the  non-smoking  welders.  It  is  concluded  that  there  is  no  indication 
of  a  separate  or  clinically  more  severe  disease  process  among  welders  but  that 
the  symptoms  related  to  absence  are  most  probably  due  to  tobacco  smoking, 
the  affected  men  deciding  to  take  absence  or  maintain  absence  at  a  lower  stage 
in  their  symptomatology  than  their  controls  as  they  are  more  susceptible  to 
the  irritating  and  thus  aggravating  effects  of  welding  pollutants  during 
acute  respiratory  disease.  Manpower  movement  statistics,  the  proportion  of 
men  in  selective  employment,  who  were  medically  discharged  or  died  while 
employed  show  no  evidence  of  excess  respiratory  ill-health  among  welders. 
II The  second  study  (Section  B)  showed  that  there  was  no  detectable  difference 
between  the  concentrations  of  welding  fume  metals  in  the  blood  of  welders 
and  controls  nor  between  the  lung  function  changes  over  a  shift  in  welders 
doing  a  standardised  task  and  their  unexposed  controls. 
t 
The  third  study  (Section  C)  was  designed  to  compare  welders  with  the 
radiographic  diagnosis  of  siderosis  with  those  without  that  abnormality. 
However,  only  18  of  the  328  welders  examined  (89.1%  response  rate)  were 
found  to  have  siderosis  and  the  proposed  comparison  was  thus  statistically 
unacceptable.  In  these  18  men  there  was  no  constant  relationship  with 
length  of  exposure,  clinical  abnormality  nor  lung  function  impairment. 
Eleven  of  the  328  men  had  asbestos  related  pulmonary  parenchymal  changes 
and  73  had  pleural  fibrosis.  (Studies  of  the  risk  of  asbestos  related  diseases 
in  welders  are  reported  in  Section  G).  Eighty  eight  men  had  abnormal  lung 
function  patterns,  obstructive  changes  being  the  most  prevalent.  It  was 
concluded  that  these  lung  function  abnormalities  merited  a  case  control 
study  (this  study  had  revealed  no  definite  evidence  of  welding  causing  or 
aggravating  respiratory  disease)  and  this  was  added  to  the  project  schedule 
within  the  pre-set  time  and  funding  limitations. 
This  case  control  study  is  described  in  Section  D.  It  was  restricted  to  men 
of  45  years  and  over  as  it  was  believed  that  men  with  longer  exposure  were 
most  likely  to  manifest  any  causally  related  ill  effects.  Time  and  funds 
were  restricted  and  thus  the  study  was  restricted  to  a  random  sample  of 
welders  aged  45  years  and  over.  A  sample  of  135  was  drawn-randomly  from 
those  examined  in  the  study  described  above.  These  135  were  matched  for 
sex,  age,  smoking  habit  and  potential  exposure  to  asbestos  with  controls 
identified  from  data  on  file  and  comparative  information  was  obtained  for 
these  controls.  It  was  found  that  there  was  no  convincing  evidence  that 
III prolonged  exposure  of  this  sample  of  welders  had  -caused  -a'significant 
excess  of  clinical  abnormality  over  their  controls  nor  any  serious  overt 
impairment  of  lung  function.  However,  comparison  of  lung  function  indices 
did  raise  the  suspicion  (not  supported  statistically)  that  there  was  an 
excess  of  obstructive  airways  disease  among  the  welders  even  if  this  was 
not  manifested  by  any  definite  excess  of  ill-health.  A  very  much  larger 
sample,  larger  than  the  total  number  of  welders  aged  45  and  over  available, 
or  a  long  prospective  study,  would  have  been  required  to  confirm  or  deny 
that  suspicion. 
The  328  welders  were  examined  and  questioned  about  injuries,  personal  and 
protective  clothing  and  a  problem  orientated  injuries  record  was  used  in 
Dockyard  Medical  Centres  to  gauge  the  number  of  welders  being  injured.  This 
study  is  reported  on  in  Section  E.  A  high  incidence  of  eye  injuries  and 
burns  and  low  usage  of  much  of  the  available  protective  equipment  was  found. 
Specific  remedies  have  been  recommended. 
A  twenty  year  retrospective  proportional  mortality  study  of  welders  and  two 
control  groups  was  conducted  (Section  F).  There  was  no  evidence  that  welders 
had  excess  mortality  rates  for  respiratory  disease;  the  number  of  respiratory 
deaths  was  just  less  than  the  calculated  expected  number.  There  was  one 
death  from  parenchymal  fibrosis  and  three  from  mesothelioma.  There  was  only 
one  death  from  bronchitis  and  none  from  pneumonia.  (As  the  Registrar  General's 
Decennial  Supplement  on  Occupational  Mortality  1970-72  had  suggested  that 
pneumonia  was  a  special  problem  in  welding  the  raw  data  on  which  that 
statement  was  made  was  obtained  and  an  appraisal  is  at  the  Appendix  to 
Section  F).  The  only  significant  excess  in  welders  was  in  relation  to  gastro- 
intestinal  diseases.  However,  there  was  no  excess  for  gastrointestinal 
malignancy  and  the  remaining  lesions  were  of  varied  pathology  and  site 
weighing  against  a  causal  link  with  welding. 
N Section  G  contains  an  account  of  the  risk  of  asbestos  related  diseases  in 
welders  and  is  based  on  studies  I  have  been  in  charge  of  or  have  run 
jointly  with  my  colleagues. 
Overall  it  is  concluded  that  there  Is  no  evidence  of  a  causal  relationship 
between  welding  and  respiratory  or  other  ill  health  (except  injuries)  among 
the  welders  in  HM  Dockyards.  There  is  evidence  that  exposure  to  welding 
fumes  and  gases  has  the  potential  to  at  least  aggravate  existing  obstructive 
airways  disease.  This  potential  is  especially  likely  to  be  realised  in 
smokers.  Particular  care  should  be  taken  to  identify  and  take  special  care 
to  protect  those  with  obstructive  airways  disease.  A  scheme  of  health 
surveillance  is  proposed  in  Section  H.  It  has  been  adopted  by  the  Health 
and  Safety  Commission  of  the  International  Institute  of  Welding.  This  should 
be  used  in  conjunction  with  the  most  stringent  measures  to  control  the 
exposure  at  source  either  by  substitution  using  the  safest  welding  parameters 
and  removing  fumes  and  gases  at  source. 
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INTRODUCTION 
Although  the  principle  of  electric  arc  welding  was  discovered  by  Volta 
in  1800  a  century  passed  before  the  Swedish  engineer  Oscar  Kjellberg 
invented  a  practicable  system.  Development  was  slow  and  it  was  not  until 
--  1920  that  he  built  the  first  all-welded  ship,  the  SS  ESAB.  The  use  of 
welding  in  shipbuilding  increased  slowly  until  the  late  1930's  then  rapidly 
during  the  Second  World  War.  Today  it  has  almost  totally  replaced  rivetting 
and  gas  welding  in  ship  repair  and  shipbuilding  and  is  one  of  the  basic 
processes  of  modern  industry. 
Within  a  few  years  of  the  process  becoming  widely  used  reports  of  acute 
adverse  effects  on  health  began  to  appear  in  the  medical  literature  (Adler 
Herzmark,  1929)..  Concern  about  *these  effects  reached  such  a  pitch  that  in 
1934  trade  unions  vehemently  resisted  recognition  of  welding  as  a  separate 
craft  trade,  one  senior  official  remarking  that  it  would  be  unfair  to 
condemn  a  young  man  to  a  lifetime  of  welding.  (Hart,  1970).  Anxiety  amongst 
welders  and  their  representatives  was  further  increased  by  the  discovery  by 
Doig  and  McLaughlin  in  1936  that  pulmonary  siderosis  could  be  caused  by 
welding  fumes  and  this  was  not  relieved  by  the  almost  universal  medical 
opinion  that  the  condition  was  benign  nor  by  the  negative  findings  of  a 
comprehensive  investigation  by  Doig  and  Duguid  published  in  1951. 
By  the  1960's  reports  of  cases  of  chronic  pulmonary  disease  attributed  to 
welding  fumes  were  appear}ng  in  the  literature.  Published  reports  of 
epidemiological  surveys  revealed  apparently  conflicting  results.  This 
coincided  with  the  realisation  that  many  men  who  had  worked  with  asbestos 
in  the  Royal  Dockyards  had  developed  serious  pulmonary  disease  (Harries,  1971), 
r 
-3- having  been  reassured  in  the  past  that  asbestos  was  not  harmful.  It  was 
not  surprising  to  find  that  welders  viewed  similar  reassurances  about 
welding  pollutants  with  considerable  suspicion. 
In  1972,1974  and  1976  the  delegates  of  the  Amalgamated  Society  of 
Boilermakers,  Shipwrights,  Blacksmiths  and  Structural  Workers,  the  trade 
union  to  which  most  welders  belong,  passed  resolutions  demanding  that 
welders'  health  be  investigated  and  "welders  lung"  recognised  as  a 
Prescribed  Industrial  Disease.  They  could  not  find  medical  practitioners 
to  define  the  disease.  Their  arguments  were  strengthened  by  a  judgement 
of  the  Court  of  Appeal  (Cartwright  v.  GKN  Sankey,  1973)  in  which  it  was 
determined  that  chronic  bronchitis  and  emphysema  in  an  ex-welder  had  been 
caused  or  aggravated  by  exposure  to  welding  pollutants.  This  man  had  had 
repeated  periodic  exposure  over  many  years  to  concentrations  of  nitrogen 
dioxide  between  2.8  to  4.4  ppm  (below  the  current-Ceiling  'Limit  Value). 
The  appeal  followed  a  previous  judgement  in  which  it  was  stated  that  the 
defendant  could  not  have  known  of  the  hazard  (Cartwright  v.  ßKN  Sankey  Lt., 
1973).  A  similar  case  in  Scotland  was  settled  out  of  Court  (Duboczky,  197!  5) 
I  became  aware  of  these  anxieties  about  the  possibilities  of  welding  causing 
chronic  disease  when  I  first  worked  in  a  Dockyard  in  1971  and  found  that 
they  were  shared  by  the  welders  and  management.  I  was  not  surprised  that 
after  forty  years  of  investigation  no  agreement  had  been  reached.  In  the 
First  place  it  is  not  possible  to  frame  a  universally  applicable  definitio; 
l 
of  a  welder  nor  of  his  working  environment  as  so  many  variables  may  act 
simultaneously.  As  most  reports  in  the  literature  contain  little  or  no 
information  about  the  welding  processes,  work  sites  or  pollutant  exposure 
levels  it  was  not  possible  to  know  if  valid  comparison.  could  be  made 
between  results  of  studies  of  different  groups.  Failure  to  agree  on  the 
effects  of  welding  on  health  may  be  due  to  differences  in  these  basic 
-4- parameters.  Secondly  welding  has  progressed  from  a  relatively  simple  process 
using  bare  iron  wire  electrodes  to  an  advanced  technology  often  using 
electrodes  with  core  and  coating  of  complex  formulation.  The  addition  of 
these  compounds  to  the  original  iron  oxide  fume  may.  have  added  a  new  dimension 
to  the  picture  of  siderosis  or  produced  other  adverse  effects.  Finally 
research  techniques  in  the  laboratory,  at  the  worksite  and  in  population 
studies  have  become  more  refined  and  thorough  and  thus  what  was  originally 
considered  to  be  a  benign  condition  may  be  found  to  have  an  adverse  effect 
on  health. 
In  1975,  on  appointment  to  the  Medical  Research  Unit,  I  outlined  an 
epidemiological  project  to  assess  several  aspects  of  the  effect  of  their 
occupation  on  the  health  of  welders  employed  in  Her  Majesty's  Dockyards  to 
be  conducted  simultaneously  with  an  investigation  of  the  occupational  hygiene 
aspects  by  the  Occupational  Hygiene  Department  of  the  Institute  of  Naval 
Medicine.  The  proposal  was  accepted  and  the  work  financed  by  the  Ministry 
of  Defence  (Navy)  and  the  Medical  Research  'Council,  This  and  volume  2  which 
contains  reports  of  research  studies  conducted  by  the  author  form  the  report 
of  that  investigation. 
The  primary  objective  was  to  determine  if  there  was  evidence  of  adverse 
effects  on  the  health  of  Dockyard  welders  attributable  to  their  occupation, 
emphasis  being  placed  on  respiratory  disease.  In  this  volume  of  the  report 
,  the  welding  task  and  environment  is  described  and  previously  published  work 
on  the  health  of  welders,  that  of  other  trades  exposed  to  the  same  particulates 
and  gases  and  the  toxicology  of  these  rollutants  is  reviewed. 
There  are  real  potentials  for  adverse  effects  on  the  health  of  welders.  These 
effects  are  likely  to  be  on  the  respiratory  system  and  related  to  inhalation 
of  a  complex  mixture  of  gases,  especially  oxides  of 
r 
nitrogen  and  ozone,  and 
particulates.  Acute  effects  of  over-exposure  are  well  described  and  generally 
"  -5- agreed.  Long  term  effects  such  as  chronic  obstructive  airways  disease  and 
interstitial  parenchymal  fibrosis  are  actively  debated  but  it  does  appear 
that  these  may  exist  among  some  groups  of  welders  especially  those  who 
smoke. 
The  extensive  variation  in  both  the  quantity  and  quality  of  pollutants 
between  and  within  welding  processes  and  procedures  is  likely  to  prevent 
definitive  extrapolation  of  results  of  studies  of  the  health  of  one  group 
of  welders  to  other  groups.  Therefore  studies  of  Dockyard  welders 
specifically  were  required  to  provide  relevant  statements  about  the  effect 
of  their  work  on  their  health.  There  are  no  studies  of  the  incidence  of 
respiratory  disease  leading  to  absence  from  work  and  few  about  mortality 
of  welders  and  therefore  these  have  been  included  in  the  current  study. 
v 
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WELDING  PROCESSES  USED  IN  HM  DOCKYARDS 
2.1  Survey  of  processes  used  at  Devonport 
Welding  is  a  commonly  used  industrial  process  by  which  abutting  surfaces 
of  metal  or  thermoplastic  are  fused  together  by  the  application  of  heat 
and  /or  pressure.  The  extent  of  the  variety  of  welding  processes  available 
for  use  in  industry  is  shown  in  figure  1/2.  In  the  Dockyards  welding  is 
restricted  to  metallic  materials  with  three  electric  processes  predominating, 
namely  manual  metal  arc,  metal  inert  gas  and  tungsten  inert  gas.  Holden 
et  al  (1978)  made  a  detailed  survey  of  welding  procedures  in  Devonport 
Dockyard  during  a  three  month  period  in  1978.  The  results  are  likely  to 
be  applicable  to  work  there  and  the  other  three  Yards.  The  most  common  type 
of  welding  was  electric  welding,  especially  manual  metal  arc  (MMA)  AC 
which  accounted  for  63%  of  total  effort,  followed  by  metal  inert  gas  (MIG) 
DC  (12.3%),  tungsten  inert  gas  (TIG)  DC  8.2%  and  TIG  (AC)  5.4%.  The 
remaining  electrical  processes  were  submerged  arc,  atomic  hydrogen,  spot 
and  stub  welding.  Oxyacetelyne  welding  comprised  only-1.3%  of  the  total. 
In  each  of  these  electric  processes  abutting  metal  surfaces  are  joined  by 
heating  them  with  an  electric  arc  to  3000-60060C  thus  forming  a  pool  of 
molten  metal  and,  except  in  spot  and  stud  welding,  adding  metal  to  this 
pool  from  a  filler  rod  heated  in  the  arc.  The  metals  joined  are  frequently 
of  the  same  type  but  this  is  not  essential. 
2,2  Manual  metal  arc  welding 
In  manual  metal  arc  welding  (figure  1/3),  the  electricity  to  produce  the 
arc  is  carried  in  the  electrode  which  may  be  a  bare  (uncoated)  wire  but  is 
now  more  often  coated  by  extrusion  or  dipping  with  a  mixture  of  substances 
-9- which  imparts  distinctive  properties-to  the  electrode.  Some  components 
assist  in  ionising  or  stabilising  the.  arc  while  others  form  a  protective 
shield  of  gases  round  the  are  and  weld  pool  excluding  atmospheric  nitrogen 
and  oxygen.  Alloying  metals  may  be  incorporated  in  the  coating.  In  the 
molten  state  the  coating  forms  a  slag  which  not  only  protects  the  weld 
but  also  reduces  its  cooling  rate  and  may  remove  unwanted  oxides  which 
would  weaken  the  weld.  Some  alloys  cannot  be  welded  sati3factorily  by  the 
manual  metal  arc  process  and  gas  shielded  processes  are  used.  In  other 
cases  it  is  more  efficient  to  use  these  alternatives. 
2.3  Gas  shielded  welding  processes 
In  gas  shielded  welding  processes  the  anti-oxidising  components  of  the 
electrode  coating  are  replaced  by  a  shield  of  gas,  for  example  argon, 
helium  or  C02,  round  the  arc.  Two  types  are  used  in  Dockyards.  In  metal 
inert  gas  welding  (MIG)  the  electricity  to  make  the  arc  is  conducted  throuCh 
a  consumable  wire,  which  may  incorporate  a  flux,  which  melts  in  the  arc. 
and  contributes  to  the  weld  pool  (figure  1/4).  Tungsten  inert  gas  welding 
(TIG)  differs  in  that  the  current  carrying  electrode  does  not  melt,  metal 
being  added  to  the  weld  from  a  separate  filler  rod  held  in  the  are  (figure  1/5ýý 
2.4  Less  commonly  used  welding  processes 
Submerged  arc  welding 
This  is  an-automatic  or  semi-automatic  electric  arc  welding  process.  The 
heat  source  is  obtained  from  an  electric  arc  formed  between  a  bare  electrode 
and  the  metal  to  be  welded.  The  are  is  hidden  under  a  granular  flux  fed 
from  a  hopper  and  spread  over  the  joint  to  be  welded,  just  ahead  of  the 
electrode  (figure  1/6).  The  heat  from  the  arc  melts  the  flux,  the  base 
metal  and  the  electrode  and  is  concentrated  beneath  the  flux  so  that  thick 
sections  are  more  easily  welded.  Welding  speed  is  very  high.  The  process 
is  a  low  fume  producer  but  the  mechanical  transfer  of  fluxes  may  produce  a 
high  background  dust  level  (Mosendz  et  al,  1968.,  Magai,  1970). 
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Figure  1/4.  Metal  inert  gas  welding  (MIG) 
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-  12  - Atomic  hydrogen  weldin. 
In  this  special  purpose  process  the  heat  is  produced  from  an  electric 
arc  formed  between  two  tungsten  electrodes  in  an  atmosphere  of  hydrogen. 
The  high  temperature  causes  the  hydrogen  to  change  from  its  molecular 
to  its  atomic  form.  During  this  dissociation  heat  is  absorbed  from  the 
arc  and  released  on  recombination  of  the  atoms  to  form  molecular  hydrogen. 
This  released  heat  is  very  intense  and  is  used  for  welding  as  the 
temperature  is  much  higher  than  that  of  the  arc.  The  arc  flame  is  held  over 
the  base  metal  (and  a  filler  rod  for  thicker  sections)  which  melt  and  fuse. 
Hydrogen  acts  as  the  shielding  gas. 
Stud  welding 
This  is  a  fast  method  of  welding  studs  to  the  base  metal  while  maintaining 
its  strength.  The  stud  is  held  in  a  stud  gun  in  the  required  position 
just  above  the  plate.  When  the  gun  is  activated  an  arc  is  struck  between 
the  base  of  the  stud  and  the  plate  so  that  each  melt,  the  stud  then  being 
plunged  onto  the  plate. 
Smoot  welding 
This  is  a  resistance  rather  than  electric  arc  process.  The  two  metal 
parts  are  held  closely  together  and  a  current  passed  through  the  point 
of  contact.  The  points  of  contact  melt,  more  pressure  is  applied  and 
. 
tY.  ey  fuse. 
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3.1  General  characteristics 
Each  of  the  processes  described  in  Chapter  2  produces  a  mixture  of  fume 
(particulate  matter)  and  gaseous  pollutants  by:  - 
a.  the  combustion  of  the  electrode  and,  if  present,  its  coating, 
the  base  metal.,  surface  coating  and/or  contam&.  nants; 
b.  the  action  of  the  arc's  heat  and  ultraviolet  radiation  on  the 
gases  of  the  ambient  air; 
c.  the  photo-oxidation  of  any  aliphatic  hydrocarbons  present;  and 
d.  the  discharge  of  shielding  gases  and  their  combustion  products. 
Fume  has  its  origin  in  the  vapour  given  off  from  molten  metal  at  the  tip 
of  the  electrode  (Potapevskii  et  al,  1971.,  Kobayashi  et  al,  1977),  which 
condenses  to  form  a  complex  mixture  of  chains  and  agglomerates  of 
multiphastic  particles  having  chemical  and  physical  properties  which  are 
very  dependent  on  the  welding  process  and  its  electrical  parameters 
(Stern,  1977a). 
Flame-amounts  ca'  be  reduced  by  controlling  this  metal  transfer.  Due  to 
the  high  temperature  of  the  arc  fume  distillation  occurs  and  a  dispro- 
portionately  large  fraction  of  the  more  volatile  elements  frequently 
--found  as  impurities  in  the  electrode  coating  can  appear  in  the  fume. 
3.2  Examples  of  variation  of  pollutants  with  welding  processes 
The  processes  of  greatest  concern  in  terms  of  welding  'pollutants  per 
unit  length  electrode  are  manual  metal  arc,  gas  shielded  solid  wire, 
and  flux  cored  processes  with  or  without  shielding  gas.  In  general 
terms  the  highest  fume  emission  *rates  and  thus  atmospheric 
-  ti7  - contamination  occurs  with  manual  metal  arc  (MMA)  and  metal  inert  gas 
(MIG)  processes  and  the  lowest  emission  rates  with  tungsten  inert  gas 
welding,  submerged  are  and  electroslag  (Alpaugh  et  al,  *1968a.,  Migai, 
1970).  In  compärable  circumstances  some  ten  times  more  fume  may  be 
generated  by  MIG  than  TIG  welding  (Vorontsova  and  Karacharov,  1963). 
The  fume  arising  from  manual  metal  arc  welding  of  mild  steel  is  likely 
to  contain  mainly  iron  oxide  with  titanium,  manganese,  silicates, 
potassium  and  calcium  with  traces  of  zinc,  copper,  aluminium,  fluorides 
and  possibly  lead  (Edling,  1971.,  Douglas  and  Plummer,  1975",  Stern, 
1977a.,  Evans  et  all  1979).  Argon  arc  welding  (MIG)  produces  a  fume 
composed  almost  entirely  of  iron  oxide  with  3%  manganese  and  1.2%  trace 
elements  (Stern,  1977a),  Copper  is  more  likely  to  be  one  of  these  trace 
elements  in  MIG  rather  than"MMA  (Patee  et  al  1971,1972)  arising  from  the 
copper  contacts  or  the  wire  covering  (Moreton  and  Jenkins,  1972b). 
Manual  metal  arc  welding  of  stainless  steel  produces  a  fume  similar  in 
composition  to  that  of  mild  steel  with  the  important  additions  of 
chromium  and  nickel.  Fume  from  MIG  welding  of  stainless  steel  contains 
approximately  one  sixth  the  concentration  of  those  found  when  MMA  is  us  ed 
There  are  marked  differences  in  surface  structure  (Hewitt.  and  Hicks,  19' 
Hewitt  et  al,  1978)  and  internal  structure  (Stern,  1978)  between  particles 
arising  from  different  processes.  These  may  be  of  biological  significant  e 
3.3  Variables  other  than  the  welding  process  affecting  quantity  and 
composition  of  pollutants  in  the  welding  environment 
3.3.1  Composition  of  the  electrode  core  and  its  coating 
-  ------------------- 
Although  bare,  ie  uncoated  electrodes  are  seldom  used  in  manual  metal  arc 
welding  in  the  Dockyards  now  this  was  not  always  the  case.  In  the  192p, 
"Dockyardies"  were  commonly  used.  These  were  soft  Swedish  iron  wires  woUhd 
r 
-18- with  string,  usually  sailmakers  twine  but  sometimes  asbestos,  boiled  in 
a  concentrated  aqueous  solution  of  borax  and  cooled  slowly.  Several 
types  of  bought-in  electrodes  were  also  wound  with  asbestos  string 
impregnated  with  ionisable  salts.  This  development  was  made  by  a  man 
called  Strohmenger  in  1909  and  was  the  first  electrode  which  could  be  used 
with  alternating  current.  Strolimenger  formed  the  Quasi-arc  Company  which 
grew-rapidly  until  the  1930's  when  extruded  electrodes  were  introduced. 
Several  types  of  Quasi-arc  electrodes  were  used  in  the  Yards.  The  first 
were  downhand  electrodes  wound  with  blue  asbestos  and  then  positional 
electrodes  with  a  coating  impregnated  with  blue  asbestos.  Use  of  wound 
electrodes  decreased  rapidly  during  the  1939-45  war  but  some  were  still  in 
use  at  the,  end  of  that  period.  Since  then  coated  electrodes  have  been  used 
almost  exclusively  in  MMA.  In  these  the  core  wire  is  coated  with  a  complex 
mixture  of  chemicals  which  fulfil  a  variety  of  specific  functions. 
The  functions  and  examples  of  the  chemicals  have  been  listed  by  Steel  and 
Sanderson  (1966)  and  Stern  (1977a). 
a.  gas  generators  -  organic  material,  calcium  carbonate,  calcium 
fluoride,  manganese  carbonate  which  decompose 
to  produce  an  inert  or  reducing  atmosphere. 
b.  slag  producers  -  clays,  oxides  of  titania,  silicone,  magnesium, 
manganese,  calcium,  iron,  potassium  silicate, 
sodium  silicate  and,  in  the  past,  asbestos. 
c.  alloying  substances  -  metal  powders  (ferrosilicate,  ferromanganese, 
iron). 
d,  binders  -  commonly  sodium  silicate,  potassium  silicate, 
clays  and,  in  the  past,  asbestos. 
ee  moulding  agents  -  aluminium  and  rnagnesium  silicate. 
r 
-  19  - f.  extruding  agents  -  alginates,  starches,  glucose,  methyl 
cellulose 
g.  strengtheners  -  mica;  used  to  be  asbestos 
h.  slipping  agents  -  organic  material,  talcs,  clays 
i.  arc  stabilisers  -  calcium  carbonate,  calcium  oxide,  calcium 
fluoride,  titania,  alumina,  silica,  iron 
oxide,  sodium  silicate,  feldspar,  talc,  clay. 
j.  deoxidisers  and  -  organic  material,  calcium  carbonate,  calcium 
fluxes 
oxide,  calcium  fluoride,  titeni.  a,  silica, 
iron  oxides,  ferro  silican,  ferromanganese, 
manganese  carbonate,  sodium  oxide,  talcs. 
Soldering  fluxes  may  contain  ammonia  fluorocarbon?  te  which  gives  off  hydrogen 
fluoride,  a  respiratory  irritant,  when  heated,  or  amino  ethyleneanolamine  a 
powerful  sensitiser.  (McCann,  1964.,  Sterling,  1967.,  Pepys  and  Pickering, 
1972.,  Fawcett  et  al,  1976.,  Burge  et  al,  1978). 
These  chemicals  are  all  used  in  "industrial  quality"  and  frequently  contajn 
unwanted  and  often  unknown  trace  elements  for  example  lead.  The  extent  of 
the  list  suggests  the  complexity  of  the  chemistry  of  coated  electrodes. 
All  electrodes  used  in  Great  Britain  have  a  code  number  consisting  of  a 
prefix  letter  and  three  digits  in  accordance  with  British  Standard  1719, 
0  969. 
The  letter  indicates  the  method  of  manufacture;  E  solid  extruded,  R  reinforced 
and  D  dipped.  The  units  digit  indicates  the  welding  current  conditions  at,,,, 
the  tens  digit  the  welding  position  for  which  the  electrode  is  suitable, 
eg  3-  flat  and  6=  vertical  and  overhead.  The  hundreds  digit  gives  an 
indication  of  the  formulation  of  the  coating  and  its  properties. 
P 
-.  20  - 1.  High  cellulose  content 
2.  High  titanium  content 
3.  Appreciable  titanium  content 
4.  High  content  of  oxides  and/or  silicates 
of  iron  and  manganese 
5.  High  content  of  iron  oxides  and/or 
silicates 
6.  High  content  of  calcium  carbonate  and 
fluoride 
-  light  slag 
-  viscous  slag 
-  fluid  slag 
-  inflated  slag 
-  heavy  solid  slag 
-  commonly  called  low 
hydrogen  electrodes 
All  other  factors  being  equal  the  high  cellulose  type  gives  most  fume 
followed  by  low  hydrogen,  the  iron  oxide  then  the  titania  electrodes 
(Morita  and  Tanigaki,  1977).  By  determining  which  chemicals  affect  fume 
most  then  reducing  some  while  increasing  others  in  the  coating  lower  fume 
producing  electrodes  have  been  produced  for  some  tasks  (Kobayashi  et  al, 
1978),  and  are  being  used  successfully  in  Japan.  This  principle  is  being 
applied  to  produce  electrodes  for-.  stainless  steel  welding  in  which  the 
hexavalent  chromium  in  the  fume  is  less  likely  to  be  mutagenic  (see  4.4.13). 
The  most  commonly  used  electrode  in  the  Yards  today  is  the  rutile  E3'but 
for  work  in  which  tensile  strength  is  especially  important  low  hydrogen 
E6  is  mandatory.  The  composition  and  relative  usage  of  ferrous  electrodes 
used  is  shown  in  table  1/1  (after  Holden  et  al,  1978).  Almon:  all  the 
,  ferrous  electrodes  contain  very  high  proportions  of  iron  notable  exceptions 
being  Sandvik  2R17,  Armex  No.  3,  Nicrex  (MR)  and  all  State  308,  which  contain 
approximately  20%  chromium  and  10%  nickel,  Cinex  which  is  almost  entirely 
nickel  and  Stellite  GD6  with  25%  chromium  and  65%  cobalt.  These  exceptions 
are  used  in  only  3.5%  of  the  welding  time. 
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-  22  - Welding  electrode  manufacturers,  distributors  and  users'  representatives 
are  currently  striving  to  agree  upon  an  international  system  for  labelling 
electrodes  which  will  allow  the  u3er  to  select  the  least  potentially  toxic 
from  those  which  are  technically  acceptable  for  a  particular  job  and  which 
will  also  give  guidance  on  the  amount  of  ventilation  required  to  remove 
sufficient  fume  to  ensure  that  the  welder  is  not  exposed  to  hazard,  ie  to 
satisfy  Threshold  Limit  Values  (TLV)*.  Several  systems  have  been  proposed 
by  participating  countries  but  all  have  important  deficiencies.  The  writer 
is'a  member  of  the  International  Institute  of  Welding  Commission  on  this  subject. 
,  Many  writers  have  suggested  that  in  unrestricted  environments,  or  in  the 
presence  of  good  general  ventilation,  there  should  be  no  problem  in  maintaining 
breathing  zone  levels  below  the  TLV  for  "nuisance"  dusts  and  for  iron  oxide, 
each  10  mg/m3,  (Steel  and  Sanderson,  1966.,  Alpaugh  et  all  1968.,  DEP,  1970., 
Pantucek,  1970.,  Pattee  et  all  1971,1972.,  Ryczkowski  et  all  1971.,  Moreton 
and  Jenkins,  1972)  but,  as  it  is  often  the  presence  of  alloying  materials  in 
the  electrode  which  is.  the  potential  hazard,  the  use  of  iron  oxide  or  total 
fume  concentration  to  assess  the  potential  risk  of  pollutants  is  unacceptable 
(Steel  and  Sanderson,  1966).  Recently  a  TLV  of  5  mg/m3  for  welding  #ume  has 
been  introduced. 
Differing  hygiene  limiting  values  for  several  of  these  materials  exist  in 
different  countries  and  until  these  differences  are  resolved  there  will  be  a 
requirement  that  electrode  classification  is  dependent  on  locP1  variations  of 
,  the  limits  and  may  be  different  in  each  country  of  sale  or  use.  This  is 
\,, 
clearly  unsatisfactory. 
It  may  be  thought  relatively  simple  to  produce  and  analyse  welding  fumes  from 
each  type  of  electrode.  This  is  not  the  case.  The  several  variables  acting 
on  the  quantity  and  quality  of  fume-are  discussed  in  this  chapter.  Stern 
0978a)  has  shown  that  there  may  be  differences  of  up  to  60%  in  analyses 
rr 
results  when  electrodes  taken  from  the  same  packet  are  examined  in  separate, 
NOTE  The  concept  of  Threshold  Limit  Values  is  explained  in  Appendix  1. an&  internationally  reputable,  laboratories.  This  could  lead  to  25-30% 
of  all  electrodes  tested  being  mis-classified.  The  major  source  of 
error  is  the  variation  in  currents  used  for  the  welding  tests. 
The  Scandinavian  countries  have  agreed  in  principle  to  a  method  to  measure 
emissions  from  coated  electrodes  and  analyse  the  composition  of  the  fume. 
Emission  rates  are  currently  being  correlated  with  ventilation  system 
requirements.  In  this  method,  commonly  known  as  the  Swedish  Box  or  Swedish 
method  the  electrode  being  evaluated  is  burned  under  standardised  laboratory 
conditions.  It  is  claimed  that  all  the  fume  is  collected  but  workers  at 
the  French  Institute  of  Welding  have  shown  that  this  is  not  so  (Granjon,  1978., 
personal  communication).  When  the  emission  rate  has  been  calculated  in 
gm/hr  and  the  elemental  content  of  the  fume  determined  these  are  applied 
to  a  formula  to  calculate  the,  nominal  hygiene  air  requirement  (NHL),  the 
amount  of  air  which,  theoretically,  must  be  supplied  to  general  ventilation 
in  order  that  TLV  shall  not  be  exceeded.  The  NHL  is  then  used  to  classify 
electrodes  on  a  scale  1-5.  These  air  requirements  are  not  ventilation 
requirements  and  it  is  argued  that  while  NHL  may  be  suitable  for  large 
workshops  it  is  dangerously  misleading  when  welding  in  confined  areas. 
Moreover  it  does  not  give  an  indication  of  the  toxicity  of  the  remaining 
fume. 
An  alternative  scheme  under  consideration  lays  more  stress  oa  the  composition 
--ý"'of  the  fume  and  provides  an  index  based  on  summing  the  ratios  of  amount  of 
elemental  fume  present  to  TLV  for  that  element.  Emission  rates  are 
considered  unnecessary  as  it  is  considered  that  welding  engineers  already 
known  which  of  several  electrodes  gives  least  fume  and  can  thus  choose 
between  those  of  similar  fume  content  standard. 
*I 
L1 Perhaps  the  most  promising  system  is  that  adopted  in  Czechoslovakia.  This 
combines  the  methods  of  emission  rates  and  Threshold  Limit  Values  of  fume 
constituents 
(Farkasova  and  Koznac,  1979).  The  criteria  for  a  classifi- 
cation  into  A,  B  or  d  are  represented  by  a  computation  of  the  emission 
rate,  the  weight  of  fume  produced  per  second,  and  a  toxicity  index,  the 
volume  of  fume  in  mg/m3  corresponding  to  the  concentration  of  the  most 
toxic  elements  in  the  atmosphere  relative  to  their  total  TLVs.  The  system 
could  be  usefully  refined  by  adjusting  exposure  limits  to  make  them  more 
applicable  to  the  widely  fluctuating  concentrations  found  in  the  welding 
/environment  using  methods  described  by  Hickey  and  Reist  (1977). 
The  American  system  of  drawing  attention  to  specific  hazardous  contents 
merits  extension  on  an  international  basis.  Examples  of  labels  for 
electrodes  containing  cadmium  and  fluorides  are  shown  below:  - 
'WARNING:  CONTAINS  CADMIUM  -  POISONOUS  FUMES  MAY  BE  FORMED  ON  HEATING'. 
% 
'Do  not  breathe  fumes.  Use  only  with  adequate  ventilation  such  as 
fume  collectors,  exhaust  ventilators,  or  air-supplied  respirators. 
See  ANSI  Z49.1.  If  chest  pain,  cough,  or  fever  develop  after  use  call 
physician  itrmediately.  Keep  children  away  when  using'. 
'CAUTION:  CONTAINS  FLUORIDES' 
'This  flux  when  heated  gives  off  fumes  that  may  irritate  eyes,  nose, 
and  throat. 
r 
' 
4 
ý`{i 
. 
i.  avoid  fumes  -  use  only  in  well-ventilated  spaces 
ii.  avoid  contact  of  flux  with  eyes  or  skin 
iii.  do  not  take  internally 
iv,  keep  out  of  reach  of  children'. 
-  25.  - 
4. 3.3.2  Shielding  aas 
The  gaseous  atmosphere  around  the  arc  has  a  great  effect  on  electrode 
vaporisation  and  hence  the  rate  of  fume  production  (Paskevich  and  Rykov, 
1971)  and  also  effects  the  composition  and  quantity  of  gaseous  pollutants 
produced.  Gases  with  high  thermal  conductivity  and  high  oxidising  power 
cause  accelerated  vaporisation.  Thus  a  minimum  amount  of  electrode  metal 
is  vaporised  in  pure  argon  which  has  low  thermal  conductivity  and  oxidising 
power.  Larger  amounts  of  fume  are  produced  when  carbon  dioxide  is  used 
alone  or  in  a  mixture  (Erman  and  Kabasin,  1971.,  Paskevich  and  Rykov,  1971), 
The  choice  of  shielding  gas  can  have  a  marked  effect  on  ozone  levels.  Argon 
gives  higher  levels  than  CO2  (Frant,  1963.,  Doig  and  Challen,  1964.4  Patte  e, 
1973)  possibly  due  to  the  greater  amount  of  fume  given  off  during  CO2 
welding  and  differences  in  the  intensity  and  wavelength  distribution  of  the 
ultraviolet  radiation  (this  is  discussed  further  in  3.4.3)'.  The  addition  of 
less  than  0.3%  nitric  oxide  to  the  argon  can  reduce  ozone  production  by  up 
to  70%  while  the  gas  remains  suitable  for  welding  all  but  the  most  sensitive 
materials  such  as  titanium. 
3.3.3  Electrical_parameters 
For  DC  welding  with  rutile  electrodec  the  total  mass  of  fume  per  unit  length 
of  electrode  varies  with  voltage  and  is  independent  of  current  (Paskevich 
and  Rykov,  1971.,  Stern,  1977).  However,  fume  density  depends  on  the  rate 
at  which  the  electrode  burns  and  this  is  a  function  of  current.  Metal 
transfer  rate  is  also  a  function  of'current.  Thus,  in  general,  an  increase 
in  current  leads  to  higher  fume  emission.  (Paskevich  and  Rykov,  1971). 
Manganese'is  particularly  sensitive  to  electrical  parameter  changes  (Vorontsovs 
et  all  1962).  Therefore  the  welding  engineer  must  compare  costs  and  benefits, 
the  benefits  being  the  mass  of  weld  metal-transferred  per  hour  and  the  coat 
that  of  ventilation  to'maintain  ambient  pollutants  within  accepted  levels. 
_  26 The  length  of  the  arc  and  the  amperage  also  affect  the  production  and 
decömposition  of  ozone.  When  either  is  increased  ozone  concentrations  fall 
due  to  excess  production  of  nitric  oxide  and  alterations  in  ultra-violet 
radiation.  Welding  speed  does  not  affect  ozone  nor  nitrous  gas  production. 
3.3.4  Base  metal_ 
It  is  obvious  that  the  composition  of  the  base  metal  will  influence  the 
composition  of  the  welding  fume.  The  composition  and  relative  usage  of  base 
metals  found  at  Devonport  are  shown  in  table  1/2  (after  Holden  et  al,  1978). 
These  elements  are  similar  in  type  and  proportion  present  to  those  found  in 
the  electrodes. 
3.3.5  Surface  coatings_ 
An  increasing  proportion  of  material  now  being  welded  is  provided  with  a 
surface  coating  to  provide  resistance  to  corrosion,  thermal  insulation, 
.i_ 
electrical  insulation,  to  prevent  the  adherence  of  maritime  growths  or  purely 
"'to  improve  its  appearance.  The  application  of  heat  to  these  materials 
produces  atmospheric  pollutants  thus  increasing  the  overall  emission  from  the 
process  and  possibly  significantly  increasing  tho  inherent  hazards.  Surface 
coatings  encountered  at  Devonport  are  listed  in  table  1/3. 
`  Coatings  may  be  shop  primer,  undercoat,  top  coat,  plastics  or  metallic. 
The  latter  may  be  contained  in  a  paint  or  appli*d  by  galvanising,  plating 
or  metal  spray.  Surfaces  with  a  coating  of  top  paint  are  mire  often  found 
..  --in  repair  work  and  the  others  during  new  construction  or  shop  work. 
Coatings  of  paint  and  primer  usually  incorporate  a  pigment  comprising  iron 
oxide,  zinc  chromate  or  zinc,  and  the  binders  are  usually  polyvinyl  butynal 
combined  with  phenol  resin  epoxy  resin,  water  glass  or  alloyed  resin.  Other 
pigments  used  currently  or  in  the  past  include  aluminium,  cadmium,  chromium, 
-lead,  magnesium-and  titanium.  Mercury  and  copper  may  be  present  in  significant" 
amounts  in  anti-fouling  paints. 
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..  28- TABLE  1/3  *  SURFACE  COATINGS  ON  BASE  METALS  AT  DEVONPORT 
Description  %  total  time  %  confined  spaces 
Zinc  paint  31.0  11.9 
Zinc  metal  spray  7,9  -  5.4 
Zinc  galvanised  7.2  3.6 
Lead  2.4  1.7 
Bitumastic  5.4  3,0 
Lubricants  5.4  3.0 
Paints  4.4  3.0 
Epoxy  coatings  0.4  3.0 
Unspecified  5.2  3.7 
(from  Holden  et  alp  1978) 
-  29  - Until  1977  new  steel  plate  used  in  the  Dockyards  was  grit-blasted  then 
coated  with  an  epoxy-zinc  primer.  The  welders  complained  of  the  heavy 
fume  given  off  during  welding  this  treated  steel  even  when  the  coating 
had  been  ground  from  the  area  to  be  welded.  Despite  reassurances  from 
the  suppliers  (Spelbrink,  1969.,  Zinc  Development  Association  Report, 
undated)  and  local  findings  that  TLVs  were  not  exceeded,  continued  TU 
pressure  resulted  in  this  painting  procedure  being  stopped.  Some  of 
the  treated  steel  is  still  used  from  stock. 
In  addition  to  liberation  of  metallic  oxides  welding  on  these  coatings 
may  produce  a  wide  variety  of  pollutants  (Hickish,  1964￿  Steel,  1964). 
The  hydrocarbon  part  of  most  primer  media  will  normally  give  rise  to 
carbon  monoxide  and  aldehydes,  usually  formaldehyde  but  in  some  systems, 
eg  polyvinyl-butynal  resin,  highly  irritant  acrolein  will  also  be 
produced  (Steel,  1964). 
While  shop  primers  are  usually  applied  in  a  very  thin  film,  15-30  mV, 
paint  films  found  during  repair  work  are  likely  to  be  much  thicker, 
200  a)u  or  more  (Steen  and  Svensson,  1971),  and  therefore  the  potential 
hazard  is  greater.  The  quantity  of  fume  is  especially  high  from  lead  and 
zinc  rich  paints.  Oliver  and  Molyneux  (1975)  found  BZ  concentrations  of 
up  to  10  mg/m3  of  teach,  the  concentration  being  apparently  directly 
proportional  to  the  amount  of  fatal  in  the  paint  film.  Care  must  be 
, 
taken  that  the  formula  of  a  lead  free  paint  is  not  changed  to  include  lend 
without  warning  (Ross,  1973a)and  to  ensure  that  lead  is  not  present  even 
when  it  is  not  shown  in  the  formulation  (Pegues,  1960).  Use  of  lead  pairxt 
is  very  restricted  in  modern  warships  and  the  risk  in  the  Yards  is  very 
low.  Tola  and  Karskela  (1976)  examined  welders  in  Finnish  shipbuilding 
yards  and  found  that  exposure  to  lead  was  very  low  and  the  mean  lead  is 
. 
blood  did  not  exceed  40  mg/100  ml.  Oliver  and  Molyneux  (1975)  reported 
BZ  concentrations  of  17.4  mg/m3  of  copper  when  plates  coated  with  an 
anti-fouling  paint  were  welded. 
_30_ Paints  and  other  coatings  containing  polyvinyl  chloride,  polyurethane 
or  polyvinyl  acetate  present  special.  problems  when  heated.  Those  with 
a  chloride  content  such  as  PVC  will  give  off  hydrogen  chloride  and 
phosgene.  These  and  other  combustion  products  may  cause  acute  obstructive 
airways  disease  sometimes  with  residual  chronic  pulmonary  dysfunction 
(Colardyn  et  al,  1976.,  Brooks  and  Vandervost,  1977).  Those  with  a 
nitrogen  content  such  as  polyurethane  emit  nitrogen  dioxide,  ammonia, 
amines  or  hydrogen  cyanide  while  the  combustion  products  of  epoxy 
coatings  can  cause  chemical  pneumonitis  (Rice  et  al,  1977). 
Zinc  is  the  metal  applied  most  commonly  by  galvanising  or  metallising  to 
shipyard  steel  plates.  The  acute  exposure  hazard,  metal  fume  fever,  is 
considered  later  in  4.3.2.  Chronic  zinc  poisoning  has  not  been  reported 
in  welders  and  its  existence  as  an  occupational  disease  has  been  doubted. 
It  may  result  in  gastro-intestinal  symptoms  (McCord  et  al,  1926.,  Hamdi,  1969). 
The  hazards  of  surface  coatings  can  be  eliminated.  Venables  (1975)  has 
evaluated  several  methods  of  surface  coatings  removal  and  fume  control, 
Unfortunately  disasters  have  occurred  when  potentially  dangerous  coatings 
were  not  recognised  and/or  the  inherent  hazard  not  known.  Whenever 
possible  coated  metals  should  not  be  welded.  This  can  be  achieved  in  some 
cases  by  selective  coating  application,  a  strip  25  mm  wide  on  each  side 
of  the  weld  line  being  masked  off,  or  by  removing  the  coating  from  the 
_Area 
of  the  weld.  While  this  reduces  pollutants  it  does  not  totally  prevent 
thermal  decomposition  and  oxidation  as  conducted  heat  may  cause  this  to 
occur  in  adjacent  parts  of  the  plate.  Reduction  of  the  welding  current 
reduces  the  heat  produced  and,  when  technically  possible,  this  should  be 
done.  Pollutants  generated  should  be  removed  by  local  extraction.  A 
guide  to  the  protection  required  when  using  zinc,  oxide  primers  is  given  by 
the  Welding  Institute  (1964  and  1968)  but  must  be  used  in  conjunction  with 
on-site  assessments. 
_  31 Other  Surface  coatings  including  insulation  materials  may  be  accidentally 
ignited  especially  if  care  is  not  taken  to  determine  if  these  are  present 
on  the  reverse  side  of  the  plate  being  welded  and  precautions  taken.  This 
is  obligatory  in  the  Dockyards.  Phenol,  carbamide  and  melamine  plastics  can 
emit  formaldehyde  (Danish  Directorate  of  Labour  Inspection  Services,  1975). 
Danger  (1973)  described  an  Australian  Dockyard  experience  in  which  a  foam  type 
insulation  material  was  ignited  releasing  methylene  bisphenyl  isocyanate  causing 
acute  respiratory  distress  in  a  nearby  worker.  Wire  insulation  will  also 
decompose  to  isocyanates  causing  bronchospasm  (Paisley,  1969).  Exposure  to 
toluene  di-isocyanates  may  result  in  chronic  pulmonary  function  loss  (Weguran 
et  al,  1977)  and/or  hypersensitivity.  Polystyrene  is  another  insulating  material 
which  releases  a  toxic  combustion  product,  styrene.  Heating  PTFE  ("Teflon") 
produces  polymer  fume  fever  (Harris,  1951.,  Zapp,  1972)  similar  to  metal  fume  feel. 
3.3.6  Contamination  by  oil  or  aliphatic  hydrocarbons 
Other  contaminants  may  affect  the  composition  of  fume  and  gases,  notably  oil 
and  aliphatic  hydrocarbons.  Items  which  are  to  be  welded  are  often  treated 
with  oil  products  before  the  welding  process  as  a  protection  against  corrosion. 
lubrication  in  connection  with  stamping,  or  cooling  and  lubrication  in  machining. 
. 
During  repair  work  the  metal  may  be  contaminated  with  oil  accumulated  during 
normal  working,  eg  base  plates  of  engines,  ship's  bilges.  During  subsequent 
welding  the  oil  evaporates  to  give  a  vapour  with  droplets  of  respirable  size 
and  undergoes  thermal  decomposition  to  acrolein,  a  respiratory  irritant.  Oil 
should  be  removed  before  welding.  If  this  cannot  be  completely  achieved 
r 
ventilation  must  be  effective  at  all  points  where  oil  vapour  is  emitted. 
Precautions  may  include  the  provision  of  cooling  areas  for  objects  which  have 
been  welded.  0 
The  metal  and/or  the  ambient  atmosphere  may  be  contaminated  by  aliphatic 
hydrocarbons  which  may  be-decomposed  to  produce  biologically  significant 
levels  of  phosgene,  chlorine  and  hydrogen  chloride  (Rinzema  and  Silverstein, 
1972.,  Ross,  1974a). 
-32L Triehlorethylene  is  used  to  remove  grease  and  dirt  from  surfaces  prior 
to  welding.  Storage  tanks  and  cleaning  areas  should  be  remote  from 
welding  operations  and  the  ventilation  or  drainage  outflows  from  these 
tanks  (Ross,  1974a)  should  be  arranged  to  prevent  any  fume  passing  to 
welding  areas  and  all  trichlorethylene  dried  from  surfaces  before 
welding  and  the  welders  clothes  kept  free  of  the  solvent  (Glass  et  al, 
1971),  otherwise  phosgene  formation  will  occur.  If  welding  has  to  be 
done  in  a  degreasing  shop  the  welding  booth  should  be  screened  and 
equipped  with  both  a  fresh  air  intake  and  a  vent  and  should  be  kept 
slightly  above  the  pressure  of  the  surroundings  to  prevent  air  contaminated 
with  solvent  entering  the  booth  (Dahlberg  and  Myrin,  1971). 
perchlorethylene  is  commonly  used  in  workshops  for  degreasing  and  cleaning 
and  may  thus  contaminate  the  air  around  welders.  Welding  in  air  contaminated 
with  perchlorethylene  even  below  its  TLV  is  more  hazardous  than  welding  in 
air  contaminated  with  trichloroethylene  as  phosgene  is  formed  faster  from. 
perchlorethylene. 
Trichloroacetyl  chloride  is  also  formed  from  the 
oxidation  of  PCE.  It  has  a  penetrating  lachrymatory  odour  but  this  will 
..  not,  suffice  as  a  warning  agent  as  its  rate  of  formation  is  almost  the 
same  as  that  of  phosgene  (Andersson  et  al,  1975). 
Trichlorethane  (methyl  chloroform)  has  been  suggested  as  a  safer  substitute 
for  trichlorethylene  in  welding  processes  as  it  has  weaker  absorption  of 
ÜV-radiation.  This  was  supported  by  Rinzema  (1971)  but  Dahlberg  and  his 
colleagues  (1973)  argue  that  it  is  not  a  satisfactory  substitute  using 
the  criteria  "if  a  solvent  is  to  be  considered  safe  in  connection  with 
welding,  when  welding  is  performed  in  air  containing  the  solvent  at  or  below 
`its  TLV  the  decomposition  products  must  not  exceed  their  TLV's  in  the 
neighbourhood  of  the  worker". 
-33- 3.3.7  Nature  of  the  workplace.  configuration  of  workpiece  and  their 
---------  --  --  -------  ------- 
f 
"  ventilation 
In  all  but  open  air  work  sites  where  natural  ventilation  suffices  some 
form  of  mechanical  ventilation  is  required.  This  may  be  local,  general, 
portable,  fixed  or  any  combination  of  these  sufficient  to  maintain  BZ 
concentrations  of  pollutants  within  accepted  limits.  Examples  are  shown 
in  figures  1/7-1/12. 
There  is  no  British  Standard  available  to  define  levels  of  ventilation 
required  in  different  welding  situations  nor  to  define  test  conditions 
for  performance  assessment.  Welding  engineers  often  use  the  American 
National'  Standard  (Z49"-1-1973)  for  the  former  purpose. 
Welding  within  vessels  without  adequate  supply  and  extract  ventilation  is 
always  dangerous  and  may  lead  to  loss  of  consciousness  or  even  to  death. 
Luccioni  et  al  (1966)  and  Cimpoiesu_(1968)  have  shown  that  siderosis  is 
much  more  common  among  those  working  in  containers  or  narrow  and  poorly 
ventilated  spaces. 
At  Devonport  Dockyard  where  the  location  of  work  processes  is  arprocimately 
evenly  divided  between  ashore  (mainly  in  workshops)  and  afloat  (on  ships 
and  submarines)  37.3%  of  the  afloat  work  and  4.1%  of  the  shore  work  is 
performed  in  confined  areas.  Of  the  total  welding  time  afloat  46.76  was 
conducted  under  natural  ventilation,  6.7%  using  the  ships  ventilation 
\  system  and  46.6%  using  portable  extraction.  equipment  (Holden  et  al,  1978). 
Although  visual  examination  is  insufficient  to  determine  If  pollutant 
extraction  is  adequate  the  obviously  beneficial  effect  of  sensible  use  of 
extraction  equipment  is  illustrated  by  comparing  figures  1/13a  and  1/13b. 
This  effect  has  been  proven  on-site  in  ships  by  Douglas  and  Plummer  (1975) 
and  in  workshops  and  enclosed  vessels  by  Homma  et  ;  1,  (1978).  It  is 
essential  that  the  fume  is  led  away  from  the  workplace  and  filtered  before 
-34- discharge  to  atmosphere  and  not  just  moved  into  another  part  of  the  shop 
(figure  1/14).  Welders  must  be  educated  and  exhorted  to  use  portable 
equipment  especially  in  difficult  access  sites  such  as  the  double  bottom 
of  a  ship  where  pollutants  accumulate  quickly  but  the  temptation  is  strong 
to  avoid  restricting  movement  further  by  the  addition  of  extraction  trunking. 
In  many  ventilated  areas  the  aim  supply  must  be  warmed  to  maintain  an 
acceptable  ambient  temperature.  As  this  warming  process  consumes  energy 
and  is  thus  expensive  and  is  likely  to  become  more  so  there  has  been  an 
increasing  interest'in  the  use  of  recirculation  systems  which  claim  to 
clean  extracted  air  before  returning  it  to  the  workshop.  This  air  is 
warmer  . than  that  outside  and  less,  if  any,  heating  is  required.  While  these 
systems  may  remove  the  particulate  matter  they  do  not  affect  concentrations 
of  ozone  nor  of  oxides  of  nitrogen.  Thus  concentrations  of  gases  may  rise 
to  unacceptable  levels  while  the  TLV  for  particulate  matter  is  not  exceeded. 
The  efficiency  of  various  filter  media  for  removing  both  gases  and  particulate 
matter  is  being  studied  by  Bailieu  (1976  and  1977).  Recommendations  for  and 
validation  of  approaches  to  recirculation  of  welding  exhaust  have  been 
published  (National  Institute-for  Occupational  Safety  mid  Health,  1978  and 
1979).  Despite  this  the  writer  was  disturbed  to  find  that  only  one  of  six 
manufacturers  exhibiting  at  a  major  welding  equipment  exhibition  in  1979 
acknowledged  that  welding  pollutants  had  an  important  gaseous  content  despite 
claims  that  their  systems  provided  complete  welder  protection.  Recirculation 
systems  are  permitted  under  specified  circumstances  in  Sweden  but  it  is 
believed  that  these  are  not  allowed  in  Denmark.  Fibrous  active  carbon  filters 
under  development  in  Japan  (Yamaguchi,  1979)  could  possibly  be  incorporated  in 
these  systems  if  success  in  absorbing  noxious  gases  is  achieved. 
4w 
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Figure  i.  General  ventilation  of  confined  apace  onboard  ship 
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-41  - 3.3.8  Welder's  technique  and  posture 
Moreton  and  her  colleagues  (1975)  fund  that  different  welders  performing 
the  same  manual  metal  arc  welding  task  under  identical  conditions  could 
receive  breathing  zone  concentrations  varying  by  a  factor  of  6.  Similar 
and  greater  variations  have  been  found  by  others  (Evans  et  all  1976.,  and  Ouw 
et  all  1977).  This  variation  is  largely  a  function  of  experience,  posture, 
height,  arcing  time  as  a  percentage  of  the  shift  and  the  type  of  shield 
used  (see  3.3.9),  but  most  of  all  whether  the  welder  leans  into  the  plume 
or  makes  a  positive  effort  to  avoid  it.  (Figs  1/15  a-e). 
This  variation  may  result  in  the  BZ  fume  levels  of  some  operators  exceeding 
the  Threshold  Limit  Values  while  others  remain  below.  This  is  reflected  in 
the  high  inter-individual  variation  found  in  the  amount  of  lung  dust  found 
in  shipyard  welders  by  Kalliomaki  et  al  (1978  a,  b,  c)  and  emphasises  how 
the  welder  may  contribute  to  minimising  his  exposure. 
3.3.9  Choice  of  shield  and  personal  respiratory  protection 
The  design  of  the  welder's  shield  may  exercise  a  finite  influence  over 
measured  breathing  zone  fume  concentrations  attenuating  exposure  by  a  factor 
of  2-10  (Moreton,  1974).  A  headshield  is  generally  more  effective  than  a 
handshield  and  a  long  headshield  more  effective  than  a  short  one.  Some  welders 
extend  the  effective  length  of  the  headshield  by  adding  a  leather  bib. 
Attenuation  factors  must  always  be  viewed  with  caution  as  the  coa'"entrations 
of-fume  within  the  welding  helmet  may  be  reduced  by  dilution  by  expired  air 
from  which  pollutants  have  been  "filtered"  (White  et  al,  1975).  The  "dead 
space"  of  the  helmet  can  cause  an  increase  in  arterial  pCO2as-the  man  rebreathes 
an  abnormally  high  proportion  of  CO2  rich  expired  air.  This  increases 
respiratory  rate  and  thus  the  amount  of  pollutant  inhaled.  The  relative 
disadvantage  of  the  handshield  may  be  overcome  by  the  welder  standing  further 
from'the  plume,  batting  it  away  from  him  (figure  1/15b), 
43 -44  - Figure  1/15a 
Figures  1/15a-e  Postures  adopted  by  welders  while  undertaking 
identical  production  tasks. 
-  45- 
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-  47- In  situations  where  hand  held  shields  can  be  used  a  dust  respirator  with 
a  nominal  protection  factor  of  10  against  particulates  can  often  be  worn  and 
should  give  adequate  protection  against  particulates  in  most  circumstances 
but  gives  no  protection  against  gases  evolved  during  welding.  In  Britain  the 
Health  and  Safety  Executive  (1978)  issues  a  list  of  respirators  approved  for 
use  in  certain  dusty  industries  and  any  of  those  approved  under  the  Asbestos 
Regulations  would  be  acceptable.  It  is  possible  for  the  air  intake  to  be 
placed  at  the  back  of  the  wearer  and  this  could  provide  an  additional 
protection  factor  provided  that  it  is  not  taking  in  air  from  a  more 
contaminated  area.  This  type  of  arrangement  is  usually  used  with  power 
assisted  respirators.  When  a  welding  headshield  is  preferred  or  required 
it  should  conform  to  the  relevant  British  or  National  Standard  and  be 
compatible  with  other  items  of  protective  clothing.  Few  can  accommodate  an 
approved  half  or  full  face  dust  respirator.  Specially  commodious  headshields 
are  becoming  available  and  are  in  use  in  North  America.  Disposable  filtering 
facemasks  have  improved  in  recent  years  and  one  version  (the  3M  Type  8800 
Disposable  Respirator)  now  has  limited  Health  and  Safety  Executive  approval 
against  certain  particulate  matter.  Other  aspects  of  helmet  design  are 
discussed  in  Chapter  4,  Section  5. 
There  are  a  few  welding  helmets  available  in  which  a  draught  of  clean  air 
is  delivered  to  the  wearer's  breathing  zone,  or  from  a  source  of  compressed 
air  (the  British  Oxygen  Airchief  and  a  similar  product  developed  by  Safety 
Products  Ltd)  which  protect  against.  gases  and  particulate.  The  British 
oxygen  Airchief  gives  a  protection  factor  of  about  3  (S.  Silk,  ESE, 
Personal  Communication).  Vorpahl  and  his  colleagues  (1976)  have  developed 
a  similar  shield  acceptable  to  welders  working  in  a  workshop  assembling 
battle  tanks  and  giving  99%  attenuation  for  hexavalent  chromium. 
ý.  -  49.  = Helmets  with  integral  blowers  and  filters  specifically  adapted  for  welders' 
use  are  a  recent  innovation,  for  example  the  Racal  Amplivox  Airstream 
Welding  Version  AH2.  This  combines  head,  eye  and  face  protection  plus 
protection  against  Vielding  fume  (protection  factor  of  7)  and  ozone  (but 
not  other  gases)  in  one  unit  which  requires  no  external  power  or  air 
supply.  It  is  intended  only  for  use  in  well  ventilated  areas. 
These  air  supplied  helmets  are  not  suitable  for  difficult  access  worksites 
nor  when  welders  prefer  to  use  a  hand  held  shield  as  do  30%  of  Devonport 
welders.  At  Devonport  filter  respirators  are  used  for  only  6%  of  the  total 
welding  time  (Holden  et  al,  1978).  Ozone  disintegrating  filters  are 
available  for  circumstances  in  which  this  gas  is  the  main  pollutant 
problem  and  no  other  suitable  ventilation  can  be  provided  (Lunau,  1967). 
In  some  circumstances,  for  example  confined  spaces,  particularly  with  use 
of  inert  gases  for  shielding  purposes,  breathing  apparatus  which  provides 
a  source  of  uncontaminated  air  from  cylinders  or  an  airline  is  required 
(Cimpoiesu,  1968). 
3.3.10  Presence  of  asbestos  dust  in  the  welding  environment 
Many  welders  employed  in  the  Dockyards  prior  to  the  late  1960's  were  exposed 
to  asbestos  dust  without  respiratory  protection  tor  other  precautions. 
Warships  contain  more  machinery  in  smaller  compartments  than  merchant  ships 
and  since  the  first  steam  powered  steel  hull  ships  there  has  been  a  naval 
requirement  for  better  insulation.  .  Much  of'  this  was  provided  by  asbestos 
insulation  material.  Until  1950  machinery  was  insulated  with  magnesia 
with  15%  asbestos  as  binder,  asbestos  millboard,  asbestos  filled  mattresse  s 
and  asbestos  cloth.  Some  of  the  fibre  was  crocidolite  but  the  cloth  was 
always  chrysotile.  Amosite  slabs  were  used  extensively  between  1950  and 
the  early  1960's  (Harries,  1971). 
f' 
-  50  7 Steel  hull  and  decks  were  insulated  against  heat  and  cold  first  by  slab 
asbestos  and  later  by  sprayed  limpet  asbestos,  usually  crocidolite,  which 
also  prevented  the  spread  of  fire. 
Walters  (1959)  and  Harries  (1971)  have  described  the  variety  of  Dockyard 
occupations  in  which  men  could  be  exposed  to  asbestos  dust  at  Portsmouth 
and  Devonport  respectively.  The  risks  are  considered  to  have  been  similar 
at  Chatham  but  considerably  less  at  Rosyth  which  was  not  opened  until 
1909  and  was  reduced  to  a  care  and  maintenance  basis  from  1926  to  1938" 
Welders  were  among  those  with  moderate/heavy  intermittent  exposure  and 
they  have  told  the  writer  of  working  knee  deep  in  asbestos  which  had  been  torn 
from  machinery  and,  during  limpet  spraying  of  crocidolite,  of  having  long 
tendrils  of  asbestos  hanging  from  their  nostrils  as  they  worked. 
I 
The  slab  asbestos  was  secured  by  swaged  strips  drilled  to  pass  over  studs 
welded  to  the  structure  and  fastened  by  nuts.  The  welders  worked  just 
ahead  of  the  laggers  who  cut  the  slabs  with  handsaws.  No  respiratory 
protection  was  worn.  Once  the  slabs  were  fitted  it  was  common  for  other 
fittings  to  have  to  be  welded  to  the  underlying  steel,  for  example,  clips 
to  hold  runs  of  electrical  cable.  Rather  than  wait  for  a  lagger  to  cut 
out  the  channel  in  the  asbestos  the  welder  would  do  this,  again  without 
respiratory  protection. 
\  With  sprayed  limpet  asbestos  the  welders  had  to  weld  clips  to  the  structure 
before  the  asbestos  (crocidolite)  was  sprayed  on.  Wire  mesh  or  netting 
was  then  placed  on  the  surface  of  the  asbestos  and  clips  were  bent  over 
thus  sandwiching  and  compressing  the  asbestos.  The  surface  was  subsequently 
plastered  with  an  asbestos  compound.  Welders  normally  worked  ahead  of  the 
laggers  but  often  in  close  proximity  and  many  were  exposed  to  high 
concentrations  of  asbestos  dust. 
51  _ A  report  by  the  Advisor  on  Applied  Hygiene  to  the  Medical  Director  General 
(Navy)  in  1951  (Harries,  1971)  concluded  that  limpet  spraying  as  carried 
out  in  the  Dockyards  was  very  dangerous  to  all  involved.  In  that  report 
gravimetric  samples  'showed  that  the  dust  produced  during  spraying  of  mess 
decks  was  between  155"and  640  mg/m3.  Particle  counts  showed  that 
proportionately  little  of  this  dust  was  asbestos  but  the  concentration  of 
asbestos  was  still  very  high  at  173-322  asbestos  fibres/cc  (fibre  length 
2.10  microns). 
Protective  measures  of  a  limited  and  rather  ineffective  kind  were  initiated 
in  1949  and  spraying  diminished  in  the  late  1950's.  Removal  and  working 
on  treated  decks  was  a  problem  for  welders  into  the  late  1960's  but  is  now 
strictly  controlled  and  they  should  have  had  no  exposure  since  then. 
Welders  were  exposed  to  asbestos  as  part  of  their  own  craft  operation  as 
they  used  asbestos  cloth  (crysotile)  to  protect  themselves  and  adjacent 
fittings  from  splatter  (hot  metal  droplets).  In  many  situations  the  welder 
would  wrap  himself  in  a  cocoon  of  asbestos  cloth.  Asbestos  gloves  were  also 
used. 
The  effect  of  exposure  to  asbestos  on  the  health  of  employees  at  Devonport 
and  Portsmouth  has  been  described  by  McMillan  et  al,  1978  and  1979. 
Dust-suppressed  asbestos  cloth  is  currently  used  as  shielding  during  weldi  n, 
operations.  It  presents  no  recognised  hazard  when  it  is  in  good  condition 
but  liberates  free  fibre  when  brittle  due  to  application  of  heat.  The  Sheet 
should  be  cut  cleanly  with  a  sharp  instrument.  This  is  often  not  done  and 
it  is  torn  off  a  larger  sheet  or  torn  to  fit  round  obstructions.  This 
liberates  free  fibre, 
The  coverings  of  one  type  of  electrode  contained  asbestos.  This  may  be 
achieved  by  dipping  the  rod  into  an  asbestos  and  silicate  powder  or  by 
5a winding  asbestos  yarn  round  the  rod.  It  is  thought  that  the  heat  produced 
alters  the  characteristics  of  these  substances  and  prevents  them  causing 
pulmonary  damage.  ' 
Exposure  to  asbestos  is  not  unique  to  Dockyard  welders  but  elsewhere  is 
unlikely  to  have  been  so  extensive.  Ross  (1975)  reported  that  45%  of 
926  welders  had  been  exposed;  29%  using  mats  for  protection,  41%  to  keep 
the  job  at  the  correct  temperature,  30%  as  neighbourhood  workers  to  laggers 
and  4%  using  asbestos  coated  electrodes. 
/ 
These  possible  exposures  introduce  a  compounding  variable  in  studies  of 
respiratory  disease  which  cannot  be  removed  and  chronic  respiratory 
dysfunction  found  in  welders  may  be  attributable  to  their  exposure  to 
asbestos.  Similarly  there  may  be  no  apparent  dysfunction  relative  to 
the  control  groups  because  the  latter  have  been  affected  by  asbestos. 
Matching  must  be  done  with  care. 
3.4  Pollutants  of  known  biological  significance 
3.4.1  While  iron  oxides  make  up  by  far  the  largest  proportion  of  particulate 
pollutants  other  materials,  particulate  and  gaseous,  may  be  present  in 
potentially  hazardous  concentrations.  These  are  considered  in  this  section. 
3.4.2  Oxides  of  nitrogen  (NOx)  may  be  produced  in  significant  proportions 
during  welding  (Thrysin  et  al,  1952.,  Roe,  1959)  by  oxidation  of  atmospheric 
nitrogen  by  the  high  temperature  of  the  are  or  torch  flame  (Doig  and  Challen, 
1964.,  Frant,  1971)  and  have  their  greatest  concentrations-in  the  immediate 
vicinity  of  the  arc  (Frant,  1963).  There  is  a  low  basal  concentration  with 
superimposed  spikes  coincident  with  arcing  (Oakley,  1976).  Ths  formation 
of'these  oxides  is  avoided  as  much  as  possible  by  the  design  of  the  welding 
rod  as  they  adversely  affect  the  mechanical  properties  of  the  weld. 
-53- The  higher  oxides  of  nitrogen  (NO,  NO2  and  oxides  at  higher  valence)  are 
highly  reactive  compounds  and  are  thus  potentially  toxic  to  biological 
systems.  Total  oxides  are  designated  NOx  and  represent  the  sum  of  nitrogen 
dioxide  (NO2),  nitric  oxide  (NO)  and  the  very  unstable  nitrogen  peroxide 
(N204).  Those  other  than  NO2  and  N204  are  usually  regarded  as  non-toxic 
(Gray,  1959.,  Sidgwick,  1959.,  Sancier  et  all  1962.,  Freeman  et  al,  1968), 
although  nitric  oxide  (NO)  undergoes  slow  spontaneous  conversion  to  NO2, 
thought  to  be  the  most  important  gas  with  respect  to  pulmonary  injury. 
Nitric  oxide  (NO)  is  the  major  oxide  of  nitrogen  formed  at  the  welding  arc. 
The  net  result  is  the  near  establishment  of  the  nitrogen-oxygen-nitric  oxide 
and  nitrogen-oxygen-nitrogen  dioxide  equilibrium  at  the  high  temperature  of 
the  flame  or  arc.  Nitric  oxide  (NO)  is  a  gas  of  very  low  toxicity  and  its 
major  role  in  this  context  is  in  the  reduction  of  ozone. 
The  TLV  for  nitrogen  dioxide  is  2  ppm  with  a  ceiling  value  of  5  ppm  (ACGIH,,  1977). 
Guidotti  (1978)  and  Stern  (1978c)  consider  that  this  is  too  high  as  5  ppm  has 
been  demonstrated  to  be  considerably  above  that  level  at  which  detectable 
effects  can  be  observed  in  humans  and  animals.  The  National  Institute  of 
Occupational  Safety  and  Health  (NIOSH)  has  proposed  a  new  ceiling  value  of 
1.0  ppm  equivalent  to  a  TLV  twa  of  0.3  ppm.  Stern  considers  that  10-20%  of 
welders  are  exposed  to  levels  in  excess  of  these  (personal  communication,  1978 
steel  (1968,1974,1976)  considers  that  the  concentration  of  the  gas  is 
harmful  (in  excess  of  current  TLV)  when  welding  in  enclosed  poorly  ventilated 
spaces.  Those  conducting  the  Department  of  Employment  and  Productivity  study 
(1970)  and  Morley  and  Silk  (1970)  found  hazardous  concentrations  in  such  Sites. 
The  DEP  study  findings  support  the  view  of  Parkes'(1974)  that  there  is  little 
likelihood  of  hazardous  concentrations  under  open  shop  conditions.  During 
a 
study  conducted  in  collaboration  with  the  author  Oakley  (1976)  measured 
breathing  zone  concentrations  of  oxides  of  nitrogen  of  welders  using  M  MA 
-  54  - and,  rutile  electrodes  on  mild  steel  in  a  semi-confined  space.  The  gas 
levels  between  arcing  were  well  below  TLV.  An  increase  was  observed 
while  arcing  and  peaks  lasting  less  than  twenty  seconds  were  recorded. 
Some  of  these  peaks  exceeded  TLV  but  because  of  the  short  duration  their 
effect  on  the  time  weighted  average  was  small. 
3.4.3  Ozone  is  formed  by  the  combination  of*free  oxygen  atoms  and  oxygen 
molecules.  This  tendency  to  combine  is  increased  by  increasing  the 
available  energy  from  5  electron  volts  required  to  split  the  stable  oxygen 
molecule  to  7  electron  volts  resulting  in  activated  oxygen  atoms.  This 
energy  can  be  supplied  by  ultraviolet  radiation  from  an  electric  arc  and 
a  small  proportion  of  atmospheric  oxygen  is  thus  converted  to  ozone  (Oakley, 
1974). 
Within  the  ultraviolet  range  only  short  wave  radiation  can  form  ozone 
effectively.  Most  ozone  is  formed  by  the  wavelengths  130-175  (Briner  and 
Munzhumer,  1944).  The  spectrum  of  the  arc  is  essentially  dependent  upon 
the  main  constituent  of  the  electrode  (Kranz,  1965).  Wavelengths  may  be 
altered  by  reflections  (Inn,  1955)  for  example  from  aluminium. 
Radiations  in  the  wavelength  range  130-175  nm  are  completely  absorbed  by 
the  oxygen  in  the  air  layer  immediately  outside  the  gas  shield  in  shielded 
welding  processes  and  attenuated  1000  fold  within  the  first  Z0-40  cm.  Thus. 
-,  approximately  half  the  ozone  is  formed  within  10  cms  of  the  arc.  No  ozone 
forms  in  the  shielding  gas. 
The  other  ozone  active  part  of  the  ultraviolet  band,  1  ?  5-240  nm,  has  a  very 
low  absorption  in  air  and  therefore  reaches  a  greater  distance  from  the  arc. 
Its  ozone  activity  is  low  and  thus  the  amount  of  ozone  produced  per  unit 
volume  of  air  is  also  low. 
d. 
-55- However,  workshop  measurements  of  ozone  concentrations  can  show  unacceptable 
levels  in  workshop  areas  remote  from  the  weld.  In  some  cases  levels  are  higher 
remote  from  the  are  than  closer  to  it.  This  may  be  due  to  ozone  being  formed 
up  to  a  metre  from  the  arc  (Frant,  1963),  convection,  the  decomposition  of 
ozone  near  the  are  or  to  the  difficulties  (recently  overcome)  in  measuring 
concentrations  of  ozone  in  the  presence  of  nitrous  gases  giving  false 
readings.  It  is  important  that  the  workplace  is  well  ventilated  to  ensure 
adequate  dilution. 
Thermal  decomposition  of  ozone  to  oxygen  at  the  high  temperatures  found 
near  the  are  where  intensive  ozone  production  takes  place  is  important  for 
environmental  control.  If  this  air  layer  is  turbulent  due  to  excessive 
shielding  gas  flow  speeds  newly  generated  ozone  will  be  mixed  more  rapidly 
with  colder  air  reducing  the  tendency  towards  thermal  decomposition  and 
resulting  in  greater  concentrations'  of  ozone  than  with  lower  flow  speeds. 
Decomposition  can  be  accelerated  by  catalysts  including  fumes  of  iron  oxide 
and  a  mixture  of  finely  divided  copper  oxide  and  manganese  oxide,  all 
frequent  constituents  of  welding  fume  especially  manual  metal  arc  with. 
covered  electrodes..  Copper  is  derived  from  wire  covering  and  contacts  in 
gas  shielded  welding.  Thus  fume  accelerates  decomposition  rather  than 
shielding  air  from  ultra  violet  irradiation.  Reducing  formation  and  removal 
of  fume  can  actually  increase  ozone  concentrations  if  the  ventilation  is 
insufficient  to  remove  both  ozone  and  the  fume. 
The  level  of  ozone  produced  varies  between  welding  processes  and  procedures 
(Ferry  and  Ginter,  1952.,  Challen  et  alp  1958.,  Meichen,  1960),  and  is 
highest  in 
gshielded 
gas  processes.  Concentrations  as  high  as  300  ppm  90  cros 
from  the  are  have  been  reported  (Benoist  and  Frant,  1957)  but  this  is  unusual 
In"MIG  welding  of  aluminium  and  its-alloys  using  either  argon  or  helium 
shielding  BZ  ozone  levels  over  the  working  day  may  be  up  to  9  times  the  TLV 
-56- (Moreton  et  al,  1975).  In  a  study  of  manual  metal  arc  welding  of  mild  steel 
conducted  as  part  of  the  Naval  Dockyards  Welding  lime  Project  the  maximum  03 
concentrations  obtained  in  the  welders'  breathing  zone  were  0.012  ppm, 
lower  than  in  the  remote  areas  of  the  semi-enclosed  space  and  those  in  the 
remote  area  lower  than  in  the  ambient  fresh  air  (Oakley,  1976.,  Evans  et  al. 
1979). 
Several  factors  in  addition  to  fume  concentration,  nitrous  gases  and  UV 
wavelengths  influence  ozone  production.  Measured  levels  of  ozone  are  higher 
during  intermittent  welding  than  in  continuous  welding  assuming  the  same 
total  arc  time.  This  is  because  ultraviolet  radiation  and  thereby  ozone 
production  reaches  a  peak  within  a  few  thousandths  of  a  second  after  the 
arc  is  struck.  Nitric  oxide  production  is  slower  in  getting  underway 
since  it  is  partially  dependent  on  the  surface  of  the  workpiece  attaining 
a  high  temperature.  As  a  result  large  quantities  of  03  are  not  decomposed 
by  the  nitric  oxide  to  the  same  extent  as  later  when  temperature  equilibrium 
has  been  achieved.  Continuous  machine  welding  should  be  used  whenever  possible 
as  ozone  production/unit  arcing  time  is  lower.  The  choice  of  shielding  gas 
is  very  important,  eg  the  addition  of  less  than  0.03%  nitric  oxide  to  argon 
can  reduce  ozone  production  by  up  to  70%  while  the  gas  remains  suitable  for 
welding  all  but  the  most  sensitive  materials  such  as  titanium. 
3.4.4  Carbon  Monoxide  may  be  produced  as  a  combustion  product  of  electrode 
coating  components  such  as  cellulose  and  various  carbonates,  from  paints  and 
reduction  of  carbon  dioxide  shielding  gas  (deKretser  et  al,  1964.9  Steel, 
1964.,  Steen  and  Svensson,  1971).  It  has  a  TLV  of  50  ppm  which,  extrapolating 
from  data  provided  by  deKretser  et  al,  (1964)  is  approximately  equivalent  to 
a  blood  saturation  of  5%  carbox  yhaemo  glob  in. 
r 
57 3.4.5  Phosgene  is  produced  by  the  action  of  heat  in  excess  of  400°C 
(Little,  1955)  or  by  photoxidation  by.  ultraviolet  radiation  from  the 
arc  (Gerritson  and  Buschman,  '  1960.,  Seidelin,  1961.,  Doig  and  Challen, 
1964.,  Dahlberg  and.  Myrin,  1971.,  Dahlberg,  1971)  on  aliphatic  hydrocarbons 
such  as  trichlorethylene  (a  solvent  degreaser),  carbon  tetrachloride  (a 
solvent  and  fire  extinguishing  agent),  perchlorethylene  (a  solvent)  and  methylene 
chloride  (a  paint  remover). 
3.4.6  Fluorides  are  contained  in  significant  amounts  in  the  coating  of 
Class  6  electrodes  used  in  manual  metal  are  welding.  These  electrodes,  often 
called  basic  or  low  hydrogen,  are  used  in  10%  of  manual  metal  arc  welding  at 
Devonport  (Holden  et  al,  1978).  Fluorides  may  also  be  present  in  flux  cored 
wires  and  submerged  are  consumables.  The  Threshold  Limit  Value  (TLV)  is 
2.5  mg/m3  measured  as  fluorides,  2.0  mg/m3  measured  as  hydrogen  fluoride. 
Davis  and  Moreton  (1975)  consider  that  the.  proportion  of  fluorides  in  the 
fume  from  these  processes  is  usually  less  than  10%  by  weight  and  thus  the 
TLV  will  not  be  exceeded  if  the  total  fume  concentration  in  the  breathing 
zone  is  kept  below  its  TLV.  Pantucek  (1975)  found  greater  variation  with 
the  proportion  of  fluoride  in  the  range  10-30%,  the  content  being  typical 
for  any  given  electrode  and  varying  with  core  and  coating  diameter.  Thus  at 
the  top  of  this  range  the  TLV  could  be  exceeded  even  when  total  fume  was  less 
than  its  TLV. 
Published  accounts  of  experience  in  achieving  satisfactory  atmospheric  levels 
range  from  Oliver  and  Molyneux  (1975)  who  found  that  fluoride  was  rarely 
present  in  hazardous  concentrations,  to  Smith  (1967,1968)  who  found  concert, 
txations  in  excess  of  the  TLV  in  37%  of  confined  situations  and  13%  of  open 
air  sites,  and  Fogh  et  al  (1971)  who  found  the  TLV  exceeded  in  each  sample 
taken  in  various  sites. 
a, 
-  58  -- Detection  and  analysis  of  airborne  fluoride  is  not  easy  as  it  can  exist  in 
several  forms  and  phases  and  thus  the  method  of  quantitative  assessment 
must  sum  the  contribution  each  makes.  Davis  and  Moreton  (1975)  have  devised 
a  reportedly  reliable  method  using  the  fluoride  ion  specific  electrode  and 
x-ray  diffraction. 
3.4.7  Manganese  is  frequently  used  as  an  alloying  agent  and  in  electrode 
coatings.  At  Devonport  Holden  et  al  (1978)  found  that  it  was  present  in 
base  metals  and  electrodes  in  quantities  up  to  1.5%  by  weight  while  one 
petal  electrode  contained  about  12-13%.  This  latter  system  was  used  by 
less  than  3%  of  welders  and  not  in  confined  spaces.  Manganese  may  make  up 
10%  of  fume  by  weight. 
-1 
t 
3.4.8  Cadmium  may  be  encountered  by  welders  either  in  fume  arising  from 
welding  on  cadmium  coated  or  alloyed  metals  or,  if  their  duties  include 
soldering  in  cadmium  rich  solders  (Vance,  1960.,  Mangold  and  Beckett,  1971). 
At  Devonport  it  was  not  present  in  base  metals  nor  electrodes  but  was  in 
Easiflo  3  solder  used  by  6  men  for  19%  of  their  work.  No  confined  space 
work  was  done.  Cadmium  plating  is  common  in  warships. 
3.4.9  Nickel  is  a  constituent  of  stainless  steel.  MIG  welding  of  this 
produces  a  fume  containing  up  to  6%  nickel  while  MIG  welding  of  cast  iron 
produces  a  fume  consisting  almost  entirely  of  nickel  and-nickel.  oxide.  The 
--fu-me  from  manual  metal  arc  welding  of  these  base  metals  contains  about  1% 
`nickel.  At  Devonport  it  was  a  constituent  of  many  steels  and  non-ferrous 
alloys.  Thirty  one  welders  frequently  worked  on  Monel  67,  -an  alloy 
containing  62%  nickel  (Holden  et  al,  1978). 
d 
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-  59  - 34.10  Chromium  is  found  in  significant  proportions  in  the  highly 
respirable  fume  produced  by  MMA  and  MIG  welding  of  stainless  steel,  90-95% 
of  the  fume  coming  from  the  consumable  (R  Stern,  personal  communication, 
1978).  The  fume  from  stainless  steel  MIG  welding  contains  about  12% 
chromium;  mostly  as  insoluble  chromium  metal  and  trivalent  chromium  and 
about  0.1%  soluble  and  0.1%  insoluble  hexavalent  chromium.  In  contrast 
MMA  stainless  steel  fumes  contain  5-33%  as'insoluble  trivalent  or  metallic 
chromium  while  the  remainder  of  the  chromium  is  hexavalent,  much  of  it 
soluble  (Vorphal  et  all  1976.,  Stern,  1977a.  ß  Tola  et  all  1977).  Chromium 
was  present  in  all  ferrous  metals  except  three  at  Devonport.  Molybdenum 
steel  contains  2-3%  but  it  is  used  for  less  than  1%  of  welding,  and 
stainless  steel  17%  chromium  comprising  4%  of  welding.  There  is  no 
significant  time  spent  welding  these  metals  in  confined  spaces  (Holden  et 
all  1978). 
Vorpahl  et  al  (1976)  found  breathing  zone  concentrations  inside  the  helmets 
of  men  using  high  chromium  (19%)  MMA  electrodes  on  stainless  steel  to  average 
0.27  mg/m3.  Tola  et  al  (1979)  found  another  group  of  welders  to  be  siAilarly 
overexposed  in  relation  to  the  current  TLV  of  0.05  mg/m3. 
3.4.11  Copper  containing  fume  is  found  principally  in  relation  to  gas 
shielded  processes  and  welding  of  copper.  As  it  has  a  low  TLV,  0.1  mg/m3 
strict  control  is  necessary.  Copper  may  be  released  from  the  coatings  of 
electrode  wires  (Moreton  and  Jenkins,  1972b)  and  wearing  of  contact  tips 
(Salter,  1963",  Moreton  and  Jenkins,  1972b).  In  the  Department  of 
-Employment  investigation  (1975)-  breathing  zone-  concentrations  of  copper 
exceeded  the  TLV  in  several  MIG  welding  situations. 
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4.1  Introduction 
The  effects  on  health  of  acute  gross  overexposure  to  welding  pollutants 
are  generally  well  documented  and  agreed  while  those  of  long  term  exposure 
to  lower  concentrations  are  debated.  Many  studies  of  the  health  of 
welders  have  been  conducted  and  are  reviewed  in  this  chapter.  Studies 
of  non-welding  exposure  of  men  and  laboratory  animals  to  the  constituent 
pollutants  may  also  add  to  knowledge  of  their  effect  on  welders  but  it 
is  important  to  remember  that  in  these  cases  the  subjects  did  not  face 
exposure  to  the  complex  mixture  of  pollutants  simultaneously  present  in 
the  welding  environment. 
4.2  proportion  of  particulate  pollutants  inhaled,  retained  and  absorbed. 
There  are  very  real  difficulties  in  assessing  the  amount  of  pollutants 
reaching  and  remaining  in  the  respiratory  tract  even  after  breathing  zone 
concentrations  have  been  determined.  The  amount  entering  the  respiratory 
tract  varies  with  ventilatory  rate,  tidal  and  reserve  volumes  (all  varying 
between  individuals  and  with,  work  rate  and  thermal  environment)  (Task  Group 
on  Metal  Accumulation,  1973.,  Pavia  and  Thompson,  1976),  with  nose  or  mouth 
breathing  zone  particle  size  (Pavia  and  Thompson,.  1976)  and  electrical  charge 
.. 
(-Kierst  et  al,  1964). 
particle  size  is  critical  in  determining  the  site  or  level  of  deposition 
in  the  respiratory  tract  (Stuart,  1973).  Approximately  90%  of  particles 
between  5  and  10.  x  in  diameter  impact  at  some  point  along  the  upper  airways 
whereas  those  between  0.5  and  3p  may  escape  filtration  and  be  deposited  in 
the  terminal  airspaces  (Green,  1970).  A  high  proportion  of  welding  fume 
r 
particles  are  smaller  than  0-5.,  u  in  diameter  (Press,  1972.,  Hewitt  et  all  1978) 
_b3_ and  thus  may  be  expected  and  have  been  shown  to  penetrate  to  terminal 
airways  and  alveoli  (Stettler  et  all  1977).  However  the  situation  is 
complicated  by-variation  in  particle  size  distribution  with  changes  in 
the  microclimate  of  the  welding  environment  (Jarnuskiewicz  et  al,  1966) 
and  agglomeration  in  undiluted  fume  (Clapp  and  Owen,  1977).  It  has  been 
estimated  that  50%  of  inhaled  fume  reaches  the  lower  respiratory  tract 
(Piscator,  1976)  and  35%  to  alveolar  level  (Ross  and  Hewitt,  1976).  Much 
of  this  fume  is  exhaled  (Hewitt  and  Hicks,  1975). 
Animal  studies  have  shown  that  clearance  of  deposited  particles  varies 
with  their  chemical  composition,  for  example  cobalt  and  chromium  are 
removed  more  quickly  than  iron  (Hewitt  and  Hicks,  1972  and  1973),  and  may 
be  prolonged  (Ishimi  and  Ohmoto,  1974).  Absorption  of  particles  iq  affected 
by  heart  rate  and  thus  work  rate,  their  chemical  composition,  solubility, 
and  possibly  by  their  morphology.  Certain  metallic  element  compounds  in 
welding  fume  particles  deposited  in  the  lung  may  leach  from  the  deposits 
(Hewitt  and  Hicks,  1973).  Cobalt  dissolves  from  mild  steel  welding  particles 
in  rat  lung  in  sufficient  quantities  to  produce  elevated  concentrations  in 
the  blood.  Stainless  steel  welding  fume  will  yield  iron,  chromium,  nickel  and 
cobalt  into  solution  (Hewitt,  Hicks  and  Lam,  1978).  As  a  result  relatively 
high  local  concentrations  of  potentially  toxic  elements  might  be  produced  in 
tissues  in  the  vicinity  of  the  deposits.  Furthermore  there  could  be 
significant  translocation  to  other  organs  by  blood  spread  directly,  or 
-indirectly  via  the  gastrointestinal  tract  secondary  to  mucociliary  clearance 
from  the  lung  (Al-Shamma  et  al  1979). 
Each  welding  process  produces  particles  with  a  distinctive  structure  which 
may  affect  absorption.  The  fume  particles  from  rutile  electrodes  have  an 
amorphous  glassy  shell  (Stern,  1977a.,  Hewitt  et  al,  1978)  which  may 
biologically  isolate  the  dense  crystalline  core  (Stern,  1977a).  particles 
from  MIG  processes  have  more  irregular  crystallographic  shapes  (Stern,  19?? 
aý 
with  a  märe  porous  surface  (Hewitt  et  al,  1978) 
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4.3.1  General  symptoms- 
Before  considering  the  incidence  of  symptoms  of  ill-health  recorded  in 
various  studies  of  welders  it  may  be  prudent  to  recall  that  industrial 
populations  exposed  to  respiratory  occupational  hazards  may  have  an  increased 
awareness  of  their  symptoms  (Rogan  et  al,  1961)  and  that  men  working  in  a 
unit'  can  lose  their  sense  of  individuality  attributing  shared  symptoms 
unjustifiably  to  something  acting  on  the  group  (Cunliffe,  1978). 
The  first  major  investigation  of  welders'  health  was  conducted  by  Doig 
and  Duguid  (1951)  in  the  mid  1940's.  Having  studied  245  welders  in 
British  heavy  engineering  they  concluded  that  welders  did  not  suffer  from 
a  specific  occupationally  related  disease  but  drew  attention  to  the 
incidence  of  arc  eye,  throat  irritation,  catarrh  and  frequent  colds  which 
were  especially  related  to  working  in  enclosed  spaces  and  with  galvanised 
metal.  There  was  an  increased  incidence  of  lower  respiratory  tract 
symptoms  in  those  with  the  longest  exposure  to  welding  but  unfortunately 
no  mention  is  made  of  the  men's  smoking  habits.  Their  conclusions  were 
supported  by  a  similar  study  in  America  of  4560  welders  employed  in 
shipyards  (Dressen  et  all  1947),  and  by  Sander  (1944)  in  a  smaller  group 
of  welders.  Schuler  et  al  (1962)  and  Hunnicutt  et  al  (1964)  found  no 
impairment  of  the  general  health  of  welders. 
Later  reports  have  drawn  attention  to  the  differences  in  incidence  of 
general  symptoms  between  work  environments  and  processes.  For  example 
deKretser  and  his*  colleagues  (1964)  reported  that  the  excess  incidence  of 
respiratory  symptoms  among  8  welders  relative  to  other  workers  in  the  same 
-  65  - workplace  was  reduced  to  that  of  the  controls  when  improvements  were  made 
in  fume  control.  Fogh  et  al  (1971)  reported  frequent  complaints  of 
subjective  discomfort  among  welders  using  low  hydrogen  electrodes  but 
formal  study  showed  no  increase  with  increasing  use  of  the  electrode,  and 
Ross  (personal  communication)  found  that  fumes  from  these  electrodes, 
stainless  steel  and  other  "special"  rods  gave  rise  to  complaints  of 
obnoxious  smell,  black  spit,  running  noses,  sore  throat,  watering  eyes, 
cough  and  a  metallic  taste.  Sjogren  (1977)  found  significantly  excessive 
incidence  of  similar  symptoms  in  welders  who  used  MIG  and  TIG  processes 
for  much  of  their  working  day  but  did  not  detect  any  corresponding  lung 
function  abnormalities.  Welders  studied  by  Antti»Poike  et  al  (1977) 
reported  frequent  colds,  sore  throats,  hoarseness  and  fevers  more  often 
than  controls. 
Sevcik  and  his  colleagues  (1960)  reported  that  welders  are  subject  to 
muscular  weakness,  neuraesthenia  and  eye  changes.  Hoschek  (1970)  found 
an  excess  of  gastric  disorders  among  his  welders  and  suggested  that  these 
were  related  to  stress.  Magnusson  (1974)  reported  that  welders  suffered 
short  episodes  (without  absence  from  work)  of  giddiness,  nausea  and  fever. 
Kadfors  et  al  (1976)  and  Petersen  et  al  (1976)  used  electromyography 
in  an  investigation  of  muscle  fatigue  during  welding.  They  found  that 
there  was  real  muscle  fatigue  especially  related  to  overhead  welding  and 
that  while  experience  lessened  the  effect  in  terms  of  muscle  groups 
,  involved  it  did  not  confer  immunity  and  all  welders  experienced  discomfort 
during  overhead  welding. 
4.3.2  Metal  fume  fever 
Metal  fume  fever  was  first  described  by  Thackrah  in  1832.  It  is  variously 
termed  welders'  or  brass  founders'  ague,  foundry  fever,  Monday  fever  (Petit 
1943,  Viles,  1945.,  Doig  and  Duguid,  1951,  Chmielewski  et  al,  1974., 
Järemin  et  al,  1974.,  Ross,  1974b)  and  in  the  Dockyards  "galvanised 
-  66  - poisoning"  indicating  the  welders'  appreciation  that  it  is  most  commonly 
associated  with  the  zinc  fume  arising  from  the  galvanised  surface  coating 
of  metal.  Many  other  metals  such  as-iron,  copper,  magnesium,  aluminium, 
antimony,  manganese,  nickel,  selenium,  silver,  mercury  and  tin  have  been 
reported  as  causes  (Brodie,  1943.1  Rohrs,  1957.,  Glass,  1970.,  Ross,  1974b). 
The  welding  situation  is  usually  confined  and  inadequately  ventilated. 
Frequently  several  incidents  arise  from  one  situation,  for  example  in 
one  Yard  investigated  by  the  writer,  welding  the  thin  galvanised  flanges 
of  ventilation  trunking  in  a  ship  had  caused  symptoms  in  all  the  welders 
involved.  The  thinness  of  the  metal  sheeting  had  prevented  the  galvanised 
zinc  being  ground  off  before  welding.  The  situation  was  not  especially 
confined  (the  main  passageway  and  mess  decks  of  a  frigate)  and  the  welders 
had  not  used  any  extraction.  Even  when  the  coating  is  removed  from  the 
area  to  be  welded  substantial'  amounts  of  fume  may  arise  from  volatilisation 
of  zinc  several  inches  from  the  weld  by  conducted  heat. 
It  is  an  unpleasant  acute  illness  which  usually  begins  in  late  afternoon  or 
early  evening  and  is  most  often  over  within  24  hours.  Few  welders  lose 
work  because  of  it.  Severity  varies  considerably  (Dressen  et  al,  1947) 
but  usually  the  welder  suffers  intense  bouts  of  shivering,  inability  to 
keep  warm  and  an  undulating  low  grade  pyrexia  (Hamilton,  1925.,  Petit,  1943.9 
Drinker  and  Nelson,  1944.9  Papp,  1968.,  Fishburn  and  Zenz,  1969.,  Department 
of  Employment,  1972).  In  more  severe  cases  there  is  chest  pain  and/or 
abdominal  pain  with  vomiting  and  rarely  the  illness  may  be  complicated  by 
metal-specific  poisoning,  for  example  cadmium  or  mercury,  or  by  pneumonia 
or  pneumonitis  (William,  1935",  Doig  and  Duguid,  1951.,  Fishburn  and  Zenz, 
1969.,  Ross,  1974b.,  Anthony  et  al,  1978).  Ross  (1973b)  reported  that  31% 
of  welders  aged  20-59  years  had  had  at  least  one  attack  while  Dressen  and 
his  colleagues  (1947)  found  an  incidence  of  10%. 
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-.  67  - The  condition  is  caused  by  inhalation  of  freshly  formed  metallic  oxides 
and  these  are  present  in  welding  fume.  The  particles  are  less  than  I 
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in  diameter  at  this  stage  (Petit,  1943)  and  can  reach  the  alveoli  causing 
tissue  damage,  formation  of  an  immune  complex  and  release  of  a  histamine 
like  substance  (McCord,  1960).  Urinary  zinc  concentration  may  be  elevated 
(Anthony  et  all  1978).  There  may  be  elevation  of  the  serum  levels  of 
metals  (Fishburn  and  Zenz,  1969)  but  this  is  not  a  constant  feature  and 
more  usually  these  remain  normal  (Ross,  1974b).  Elevated  levels  of  the 
serum  pulmonary  isoenzyme  for  lactic  dehydrogenase,  an  indicator  of 
pulmonary  tissue  damage,  may  be  detected  (Fishburn  and  Zenz,  1969). 
Ohmoto  et  al  (1974)  consider  that  damage  to  mucosal  epithelium  as  a 
primary  response  is  not  a  prerequisite  for  metal  fume  fever.  After  the 
fume  particles  have  been  in  the  atmosphere  for  a  short  time  they 
flocculate  and  the  resulting  conglomerates  may  be  too  large  to  reach 
alveolar  level. 
Metal  fume  fever  is  reported  to  be  more  common  after  a  period  of  absence 
from  work  (even  a  weekend)  (Ross,  197kb)  and  in  the  winter  (Sayer,  1938) 
and  apparently  some  welders  believe  that  an  attack  early  in  the  week 
confers  temporary  immunity  (Ross,  1974b).  This  view  has  some  support  in 
the  literature  (Hamilton,  1925.,  Engel,  1934.,  Petit,  1943.,  Drinker  and 
Nelson,  19kk.,  Anseline,  1972.,  Peirce,  1972).  From  knowledge  gained 
during  the  writers  investigation  alternative  explanations  appear  equally 
j.  f  not  more  acceptable.  The  welder  is  less  likely  to  be  cautious  about 
avoiding  inhalation  of  fume  as  the  period  since  an  attack  of  metal  fume 
fever  increases,  for  example  after  a  holiday,  and  conversely  more  cautious 
when  he  has  recently  had  an  attack,  for  example  earlier  in  the  week. 
Additionally  it  has  been  found  that  welders  who  report  an  attack  to  their 
supervisors  tend  not  to  be  employed  in  confined  spaces  for  the  next  few  days. 
r 
-  68  - The  increased  incidence  in  winter  could  be  explained  by  welders  combatting 
low'  environmental  temperatures  by  closing  access  doors  which  otherwise 
provide  some  degree  of  natural  ventilation.  When  this  is  removed  and  no 
alternative  ventilation  is  provided  fume  concentrations  and  the  incidence 
of  metal  fume  fever  would  be  expected  to  rise, 
4.3.3  Arc  welders'  pneumoconiosis 
No  other  aspect  of  welders'  health  has  excited  more  attention  than  the 
radiologically  apparent  pulmonary  nodulation  exhibited  by  a  varying 
proportion  of  welders  and  often  referred  to  as  welders'  lung.  The  writer 
considers  that  this  condition  should  be  called  arc  welders'  pneumoconiosis 
and  subdivided  into  simple,  in  which  there  is  no  pulmonary  fibrosis  nor 
significant  effect  on  health,  and  complicated,  where  there  is  fibrosis 
and  may  be  adverse  effects  on  health.  The  latter  appears  to  be  uncommon. 
/ 
The  prevalence  of  siderosis  reported  by  authors  is  summarised  in  table  1/4. 
As  exposure  and  diagnostic  criteria  are  seldom  similar  direct  comparisons 
between  rates  are  inadvisable. 
Doig  and  McLaughlin  (1936)  were  the  first  to  show  that  electric  arc  welders 
could  develop  radiologically  apparent  lung  changes  associated  with  their 
occupation  when  they  described  a  series  of  sixteen  welders  six  of  whom 
had  fine  stippling  or  mottling  and  small  irregular  nodularities  with  soft 
margins  in  the  lung  fields  shown  on  a  PA  chest  radiograph.  No  histological 
evidence  was  available  to  them  and  while  suggesting  that  these  shadows 
were  due  to  the  inhalation  of  iron  oxide  in  welding  fume  they  could  not 
rule  out  thL  possibility  of  silica  or  asbestos  as  a  causative  agent.  Zenker 
(1867)  had  already  recognised  the  presence  of  iron  oxide  in  the  lungs  of 
other  workers  and  called  the  condition  siderosis.  Charpin  (1965)  described 
three  stages;  an  increase  in  hilar  image,  increase  in  size  of  hila  and 
reticular  lung  image  and  a  miliary  appearance.  0- 
-69-. TABLE  1/4.  Prevalence  of  siderosis  in  published  studies  of  welders' 
health 
Authors  Number  of  welders 
Percentage  with 
siderosis 
Britton  and  Walsh,  1940  256  10 
Grohr,  1944  80  7 
Sander,  1944  500  7. 
Ahimark  and  Lonnberg,  1953  110  0 
Haglind,  1957  450  10 
Schuler  et  al,  1962  210  17 
Hunnicutt  et  al,  1964  100  34 
Lucionni  et  al,  1966  163  18 
Stanescu  et  al,  1967  52  31 
Fogh  et  al,  1969  156  8 
Kleinfeld  et  al,  1969  25  32 
Peters  et  al,  1973  61  0 
Donoso  et  al,  1974  57  28 
Barhad  et  al,  1975  50  36 
Pikulskaya  and  Gulko,  1975  473  13 
Spacilova  and  Koval,  1975  37  80 
Attfield  and  Ross,  1978  66  7 
Fnzer  and  Sander  (1938)  confirmed  histologically  that  the  appearances 
"  noted  by  Doig  and  McLaughlin  were  due  to  iron  oxide  while  Harding  alone 
(1945)  and  with  his  colleagues  (1947)  replicated  the  situation  experimentaL3.  ly. 
It  was  concluded  that  the  shadows  were  due  to  the  radio-opacity  of  iron 
oxide  particles  accumulated  in  the  peribronchial  and  perivascular 
lymphatics  and  on  alveolar  septa.  The  absence  of  fibrosis  was  noted  by 
these  workers  and  Sander  (1944)  and  this  was  confirmed  by  later  work  among 
welders  and  in  other  trades.  (Barrie  and  Harding,  «1947.,  McLaughlin  et  al, 
1945.,  Harding,  1948.,  Hamlin  and.  Webber,  1950.,  Vorward  et  al,  1950., 
-  70  - Haglind,  1957",  Mann  and  Lecutier,  1957.,  Harding  et  al,  1958.,  Oyanguren 
et  all  1958.,  Hamlin,  1959.,  Schuler  et  al,  1962.,  Morgan  and  Kerr,  1963). 
One  welder  studied  by  Morgan  and  Kerr  (1963)  had  no  histological  evidence 
of  fibrosis  despite  the  iron  content  of  his  lung  being  15  times  the  normal 
defined  by  Tipton. 
Enzer  and  Sander  (1938)  considered  that  the-concentration  of  welding  fumes 
was  more  critical  to  the  development  of  siderosis  than  the  duration  of 
exposure.  It  is  thought  that  there  is  probably  a  critical  concentration 
beyond  which  muco-ciliary  and  lymphatic.  clearance  cannot  prevent  the 
accumulation  of  iron  oxide  particles  but  there  is  insufficient  exposure 
data  and  lack  of  precise  radiological  definition  of  the  changes  termed 
siderosis  in  the  studies  reported  in  the  literature  to  evaluate  the 
hypothesis  of  Enzer  and  Sander.  Reported  prevalences  range  from  zero 
(Peters  et  all  1973)  to  8c  (Späcilova  and  Koval,  1975),  the  latter 
occurring  in  a  group.  of  welders  stated  to  have  been  exposed  to  high 
concentrations  of  fume  as  had  those  of  Grohr  (1944)  while  Fogh  et  al  (1969) 
found  only  3%  in  welders  working  in  well  ventilated  conditions  (table.  1/4). 
Mouton  (1976)  described  three  patients  with  pulmonary  microreticular 
nodulations  on  their  chest  radiograph.  They  had  worked  for  8,10  and  14 
years  using  MIG  (argon  and  carbon  dioxide)  welding  in  an  enclosed  environment 
where  concentrations  of  pollutants  were  10-30  times  TLV.  These  men  had  no 
_,  -clinical  symptoms  and  virtually  normal  lung  function.  Biopsies  of  two 
showed  numerous  siderophores  and  ferruginous  material. 
The  welders  studied  by  Kierst  et  al  (1964)  were  exposed  to  breathing 
zone  concentrations  of  19-30  mgt  total  fume,  70-80%  being  ferric  oxide. 
Quite  distinctive  features  of  pneumoconiosis  developed  in  some  cases  after 
-only  two  years  exposure.  The  majority  of  %:  orkers  have  found  that  few  if 
W. 
71  _ any  cases  developed  before  5-15  years  exposure  after  which  the  prevalence 
increases  steadily-(Haglind,  1957-,  Schuler  et  al,  1962.,  Charpin,  1965., 
Luccioni  et  all  1966.,  Einbrodt  et  all  1971.,  Sadoul,  1972.,  Attfield  and 
Ross,  1978),  to  about  30%  on  retirement  (Attfield"and  Ross,  1978)  and  not 
exceeding  ILO  Classification  2/2  (Sadoul,  1972). 
Group  mean  exposure  levels  can  be  very  deceiving  as  the  personal  variation 
between  welders  is  often  very  considerable  (Ouw  et  all  1977.,  Kalliomaki 
et  al,  1978b.,  Evans  et  al,  1979).  This  may  explain  the  findings  of 
Hunnicutt  et  al.  (1964)  that  there  was  no  significant  difference  in 
duration  of  exposure  between  welders  with  and  without  siderosis  and  of 
0 
Kleinfeld  et  al  (1969)  who  found  no  correlation  between  duration  of 
exposure  and  x-ray  appearances.  A  method  of  measuring  the  amount  of 
ferromagnetic  lung  contaminants  in  vivo  has  been  developed  by  Cohen  (1973) 
and  Kalliomaki  et  al  (1976)  and  applied  to  welders  (Kalliomaki  et  al,  1977, 
1978a,  b,  c).  In  100  shipyard  arc  welders  they  found  that  the  amount  of 
lung  contaminants  varied  greatly  between  individuals  working  in  similar 
conditions.  Similar  variation  has  been  found  in  post-mortem  studies  of 
miners  who  had  experienced  a  very  homogenous  exposure  (St'bpr  et  al, 
1965.,  Rossiter  et  al,  1965).  In  the  welders  who  had  been  exposed  for 
over  five  years  the  amount  of  dust  contaminants  was  independent  of 
exposure  time  and  it  is  concluded  that  a  constant  level  of  contamination 
is  achieved  after  five  years. 
Hunnicutt  and  colleagues  (1964)  found  that  smoking  habit  did  not  appear 
to  affect  the  proportion  of  welders  who  had  an  abnormal  chest  radiograph. 
Among  his  welders  68%  with  an  abnormal  film  and  71%  with  a  normal  film 
were  smokers. 
4. 
-  72  -. Seyeral  workers  have  conducted  clinical  and/or  lung  function  studies 
of  welders  with  siderosis.  The  majority  have  found  no  significant 
abnormalities 
(Enzer  and  Sander,  1938.,  Killick,  1938.,  Sander,  1944., 
Haglind,  Enzer  et  all  1945.,  Schiotz,  1945.,  Doig  and  McLaughlin,  1948. 
1957.,  Schuler  et  al,  1962.,  Morgan  and  Kerr,  1963.,  Hunnicutt  et  al. 
1964.,  Kierst  et  al,  1964.,  Kujawska  et  al,  1975.,  Malik  and  Ulrich,  1975., 
Späcilova  and  Koval,  1975.,  Mouton,  1976)  or  have  found  no  consistent 
correlation  between  symptoms  nor  functional  impairment  and  the  x-ray 
appearance  (Doig  and  Duguid,  1951.,  Luccioni  et  al,  1966).  Donoso  et  al 
(1974)  considered  that  siderosis  is  associated  with  obstructive  lung 
dysfunction  while  Stanescu  et  al  (1967)  and  Slepika  et  al  (1970  and  1974) 
demonstrated  reduction  in  static  and  functional  compliance,  a  restrictive 
dysfunction  in  keeping  with  parenchymal  fibrosis.  Morgan  (1962)  described 
progressive  massive  fibrosis  in  welders'  siderosis.  Parenchymal  lung 
tissue  adjacent  to  but  not  involved  in  the  conglomeration  showed  no  fibrosis 
despite  the  presence  of  iron  in  the  alveoli  and  terminal  bronchioles. 
Further  evidence  in  support  of  the  absence  of  fibrosis  was  provided  by 
Doig  and  McLaughlin  (1948)  who  observed  radiological  improvement  (regression 
of  opacities)  in  welders  after  exposure  to  welding  fume  ceased.  Regression 
has  also  been  reported  by  Haglind  (1957),  Garnuszewski  and  Dobrzynski  (1967), 
Kujawska  et  al  (1975),  and  Pikulskaya  and  Gulko  (1975).  It  is  thought 
unlikely  that  such  regression  could  be  observed  if  the  nodu.  ation  and 
reticulation  was  due  to  fibrosis.. 
On  balance  of  evidence  it  could  be  concluded  that  are  welders'  siderosis 
is  a  benign  condition  and  this  view  is  accepted  by  most  authors.  The 
majority  of  those'  who  disagree  with  this  conclusion  (Charr,  1953.,  1955  and 
1'956.,  Mayer  and  Rappaport,  1954.1  Mann  and  Lecutier,  1957.,  Sevcik,  1960., 
(Friede  and  Rachow,  1961.,  Kierst'et  al,  1964.,  Charpin,  1965.,  Einbrodt, 
1971.,  Cassan,  1972.,  Irmscher"et  al,  1975),  and  consider  it  to  cause 
-  73  -" respiratory  symptoms,  dysfunction  or  even  death,  have  reported 
individual  cases  or  small  series,  often  highly  selected,  and  these  may 
be  examples  of  gross  overexposure  and/or  hypersusceptibility. 
Dn  the  other  hand  argument  against  the  belief  that  the  condition  was 
not  fibrotic  began  in  the  late  1950's  and  early  1960's  and  may  be  a 
result  of  the  introduction  of  coated  rather  than  bare  electrodes 
producing  a  new  or  modified  condition.  The  complexity  of  the 
composition  of  the  mixture  of  pollutants  arising  from  welding  processes 
has  been  discussed  in  Chapter  3.  It  would  be  surprising  if  all  the 
materials  acted  Independently  on  the  lung  their  behaviour  unmodified 
by  one  another. 
Harding  et  al  (1958)  and  Luccioni  et  al  (1966),  considered  that  any 
fibrosis  was  due  not  to  iron  oxide  but  to  other  constituents  of  welding 
fume  or  possibly  to  'some  of  the  gases.  Jones  and  Warner  (1972)  reported 
that  iron  oxide  alone  was  not  fibrogenic  but  when  combined  with  other 
metallic  dusts  such  as  chromium  oxide  and  nickel  oxide.  Casanouve  and 
Soudan  (1961)  considered  iron  oxide  alone  to  be  fibrogenic  but  it  is 
thought  unlikely  that  their  iron  miners  had  an  unmixed  exposure. 
While  chromium  and  nickel  oxides  are  relatively  limited  constituents 
of  coated  electrodes,  a  classical  fibrogenic  agent,  silica,  is  present 
in  considerable  amounts  in  electrode  coatings.  Schuler  et  al  (1962) 
stated  that  there  is  little  or  no  silica  in  welding  fume.  This  is 
clearly  wrong,  large  amounts  are  present  (Thrysin  et  al,  '1952)  but  this. 
is  in  the  amorphous  or  combined  form  of  S102  rather  than  the  crystalline 
form  (Pantucek,  1972.,  Buckup,  1977).  The  latter  has  long  been  recogniS,,  d 
to  cause  severe  nodular  and  fibrotic  lung  disease  while  amorphous  silica 
has  been  considered  to  have  very  reduced  or  absente  fibrogenic  properties. 
74  _. Vitums  et  al  (1977)  have  found  that  prolonged  occupational  exposure  to 
amorphous  silica  dust  -a  product  of  vaporized  crystalline  silica,  can 
cause  reticular  and/or  nodular  abnormalities  on  chest  radiographs  but 
that  despite  widespread  granulomatous  nodules  and  fibrosis  there  is  no 
demonstrable  restrictive  dysfunction.  Thus  silica  exposure  does  not 
necessarily  explain  the  cases  of  fibrosis  with  dysfunction  despite  their 
mixed  exposure. 
Friede  and  Rachow  (1961)  reported  the  case  of  an  electric  are  welder 
who  had  worked  in  poorly  ventilated  conditions  for  eleven  years.  He 
had  severe  pulmonary  insufficiency  due  to  diffuse  pulmonary  fibrosis 
and  advanced  emphysema  and  lung  function  tests  showed  an  obstructive 
pattern.  Lung  biopsy  confirmed  the  radiographic  diagnosis  of  fibrosis 
and  emphysema.  The  alveolar  septa  were  thickened  by  fibrosis  and  the 
alveoli  contained  macrophages  loaded  with  iron.  The  interstitial 
tissues  showed  diffuse  fibrosis  and  contained  iron  loaded  macrophages. 
There  is  no  smoking  history  nor  details  of  other  occupations.  The 
coating  of  the  electrode  he  used  contained  silica  (total  6.1%  free  (as 
SiO2)  3.4%)l  ar.  3  the  concentration  of  total  particulate  fume  in  the 
breathing  zone  was  high  at  37  mg/m3  with  free  silica  (as  SiO2)  making 
up  16%.  Particle  diameter  was  less  than  1  p. 
Kierst  et  al  (1964)  examined  welders  in  heavy  and  shipbuilding  industries 
-where  breathing  zone  concentrations  of  total  particulate  matter  were 
19-30  mg/m3,  silica  making  up  3-9%  the  form  of  silica  is  not  stated). 
Six  welders  had  radiographic  appearance  of  sidero-silicosis. 
The  report  by  Char  (1956)  contains  little  exposure  data  stating  only 
that  there  was  no  known  exposure  to  atmospheres  containing  silica. 
'Three  welders  with  severe  respiratory  disturbances.  were  described;  the 
75.. outstanding  complaints  being  dyspnoea  and  cough.  Chest  radiography 
was  compatible  with  diffuse  fibrosis  and  lung  biopsy  in  two  cases 
revealed  fibrosis.  Charr  does  not  argue  that  these  changes  were  due 
solely  to  iron  oxide  but  suggests  that  other  components  of  the  fume  may 
have  acted  with  the'iron  to  produce  fibrosis. 
Irrascher  et  al  (1975)  showed  the  co-existence  of  fibrosis  and  iron 
deposits  in  some  lung  biopsies  from  fourteen  welders. 
Guidotti  et  al  (1978)  present  the  results  of  light  and  scanning  electron 
microscopy  studies  of  the  lungs  of  a  welder  who  in  life  had  chest 
radiograph  appearances  of  marked  bilateral  micronodular  and  coarse 
interstitial  pattern  diagnosed  as  pulmonary  fibrosis  and  siderosilicosis. 
Microscopically  there  was  minimal  collagen  response  around  some  iron 
deposits  and  extensive  fibrosis  was  not  associated  with  intracellular 
iron  accumulation.  Several  dense,  apparently  acellular,  heavily 
fibrotic  nodules  were  visible.  These  had  a  whorled  configuration  to 
their  collagen  bundles,  suggestive  of  silicotic  origin  and  were  not 
associated  with  heavy  concentrations  of  iron.  Einbrodt  et  al  (1971) 
disagree  stating  that  there  are  no  indications  of  a  Si02  fibrosis  and 
that  the  cause  of  the  fibrosis  is  unknown. 
There  is  evidence  that  in  co-existence  fibrogenic  propertic3  of 
individual  elements  and  their  compounds  may  be  altered.  When  free 
silica  is  found  in  combination  with  iron  the  fibrosing  ability  of  the 
silica  is  modified  to  produce  a  more  non-specific  fibrosis  which  may  lead 
to  emphysema.  Exposure  to  nitrogen  dioxide  at  25  ppm  and  ferric  oxide 
dust  led  to  diminished  pulmonary  compliance  in  dogs  after  six  months 
(Lewis  et  al,  1969).  Clearance  of  NO2  in'the  upper  respiratory  tract 
in  dogs  is  90X  and  thus  only  10%  of  the  gas,  2.5  ppm,  would  have  reached 
the  lower  respiratory  tract.  As  90%  of  an  inhaled  dose  reaches  human 
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w alveoli  a  breathing  zone  concentration  of  less  than  3  ppm  would  give 
an  equivalent  alveolar  dose.  The  relevance  of  this  evidence  to  man  is 
not  known. 
Thus  it  may  be  wise  to  discard  the  terms  arc  welders'  siderosis  and 
,  'welders'  lung"  and  use  arc  welders'  pneumoconiosis,  simple  or  complicated.  ' 
The  simple  form  is  analogous  to  the  originally  described  siderosis,  a 
benign  non-fibrotic  and  potentially  reversible  condition  due  to  inhalation 
of  iron  oxide  from  welding  fumes.  The  complicated  and  relatively  rare 
form  is  a  mixed  dust  pneumoconiosis  produced  by  the  inhalation  of  moderately 
high  concentrations  of  the  mixture  of  ferrous  and  non-ferrous  and  possibly 
the  Gaseous  elements  of  welding  fume  and  is  characterised  by  dyspnoea, 
-.  cough,  polycythaemia,  and  interstitial  -fibrosis.  --Rarely--there-may  -be  -co- 
existing  splanchnic  siderosis  (Carta  and  Pirastu  1959.,  Schuler  et  al,  1962) 
and  increased  serum  iron  levels  (Carta  and  Pirastu,  1959). 
4.3.4  Chronic  bronchitis  and  other  lower  res  Piratcry  tract  disease 
Several  investigations  have  determined  the  prevalence  of  chronic  bronchitis 
in  welders,  most  using  the  Medical  Research  Council  criteria  of  chronic 
productive  cough  for  three  consecutive  months  for  at  least  two  years. 
Each  of  the  studies  discussed  took  proper  account  of  the  effects  of  age. 
Sevick  et  al  (1960)  found  that  75%  of  welders  who  smoked  Ind  chronic 
bronchitis  compared  to  only  25%  of  those  who  were  non-smokers.  Chronic 
bronchitis  was  more  frequent  in  those  with  longer  exposure  but  the 
differences  were  not  statistically  significant. 
Hunnicutt  et  al  (1964)  examined  100  welders,  all  under  60  years  of  age 
d_  with  at  least  10  years  welding  exposure,  and  100  controls  with  the 
same  general  environmental  exposure  but  who  had  done  no  welding.  They 
found  that  68%  of  welders  had  one  or  more  of  the  symptoms  cough,  spit, 
wheezing  and  dyspnoea  in  contrast  to  the  controlsrin  which  only  23%  had 
77  - symptoms  but  more  welders  than  controls  smoked.  The  prevalence  of  men 
, rith  respiratory  symptoms  who  smoked  cigarettes  was  almost  twice  that 
)f  those  who  did  not,  79%  and  41%  respectively.  In  the  controls  the 
percentage  of  those  who  smoked  who  had  symptoms  was  36%,  almost  as 
great  as  the  non-smoking  welders,  while  only  5%  of  non-smoking  controls 
had  symptoms. 
Meo  et  al  (1966)  studied  lung  function  in  24  welders  who  had  been 
exposed  for  approximately  19  years  and  found  an  obstructive  pattern 
predominating.  They  attributed  this  to  the  irritating  effect  of  gases 
and  vapours,  not  to  ferric  oxide. 
Fogh  et  al  (1969)  studied  156  welders,  each  with  at  least  5  years 
exposure,  and  152  controls  from  the  same  plant.  All  but  two  of  the 
welders  used  electric  arc  processes,  mainly  manual  metal  arc  on  mild 
steel,  a  third  of  which  had  been  treated  with  an  anti-corrosion  primer. 
More  than  half  the  welders  worked  in  shipyards.  They  found  that  there 
was  no  significant  difference  in  the  overall  prevalence  of  chronic 
bronchitis  between  cases  and  controls.  They  divided  the  men  into  non- 
smokers  (including  ex-smokers),  moderate  smokers  '(less  than  10  per  day) 
and  heavy.  smokers  (more  than  10/day).  (The  inclusion  of  ex-smokers 
with  non-smokers  must  be  considered  to  have  been  ill  advised).  There 
was  an  increased  incidence  of  chronic  bronchitis  with  increased  use  of 
tobacco  in  both  groups  but  especially  in  the  welders.  There  was  a 
difference  between  smokers  and  non-smokers  within  welders  and  controls 
but  not  between  welders  and  controls  of  the  same  smoking  habit. 
Peters  et  al  (1973)  conducted  a  controlled  study  of  61  welders  and  63 
pipe  fitters  in  a  shipyard.  Although  the  pipeworkers  worked  in  an 
environment  in  which  welding  was  done  it  is  presumed  that  their  exposure 
-78  - to  welding  pollutants  was  lower  than  the  welders.  -Smoking  habits  were 
similar  in  both  groups.  They  found  no  significant  difference  in  the 
prevalence  of  respiratory  symptoms.  Ten  per  cent  of  welders  and  9%  of 
pipefitters  had  chronic  cough,  three  men  from  each  group  reported  dyspnoea. 
Donoso  and  his  colleagues  (1974)  reported  the  prevalence  of  chronic 
bronchitis  among  57  welders  to  be  twice  that  of  their  non-exposed  control 
group.  Barhad  et  al  (1974)  studied  182  welders  with  at  least  5  years 
experience  compared  to  100  non-exposed  controls.  Chronic  cough  (22%), 
Chronic  bronchitis  (20%),  dyspnoea  (2(Y)  and  wheezing  (16%)  were  more 
frequent  among  the  welders,  the  difference  being  significant  for  the  last 
two  symptoms.  These  differences  were  striking  for  smokers  and  ex-smokers 
but  not  non-smokers.  No  dose  response  relationship  was  found  in  relation 
to  symptoms.  Slepicka  et  al  (1974)  found  that  50.7"/  of  522  welders  from 
Moravia  had  chronic  bronchitis  compared  to  26.8%  of  controls.  The 
concentration  of  fume  was  very  high.  These  findings  confirmed  the  result 
of  an  early  study  (Slepicka  et  al,  1970). 
Antti-Poika  et  al  (1977)  studied  157  welders  and  108  controls.  The 
welders  had  chronic  bronchitis  significantly  more  often  than  controls 
but  no  dose-response  relationship  was  found  when  the  prevalence  was 
related  to  time  and  level  of  exposure.  The  prevalence  of  mucopurulent 
bronchitis  was  the  same  in  welders  and  controls. 
Ross  (personal  communication),  having  studied  926  welders,  found  that  the 
overall  prevalence  of  chronic  bronchitis  was  4.8%  in  those  who  smoked  and 
3.7%  in  non-smokers.  The  difference  became  significant  in  those  over 
50  years  of  age. 
-  79  - Dobrzynski  (1974)  showed  an  increasing  prevalence  of  chronic  bronchitis 
with  length  of  exposure.  More  welders  working  inside  ships  developed 
the  disease  than  outside  hull  workers  and  after  a  shorter  work  exposure. 
3ergert  et  al  (1978)  examined  62  welders  and  90  controls  and  concluded  that 
:  hronic  obstructive  disease  of  the  respiratory  tract  in  welders  over  40 
years  who  had  been  in  that  trade  for  at  least  20  years  could  be  regarded 
3s  a  sequal  of  their  exposure  to  welding  fumes  and  gases.  Malik  and  his 
colleagues  (1978)  found  no  evidence  of  asthma  in  the  80  arc  welders  they 
examined.  Wendel  (1972)  bronchoscoped  nine  welders  with  siderosis  confirmed 
by  lung  biopsy  and  performed  post-mortem  examination  on  two  others.  He 
found  evidence  of  chronic  hypersecretion  bronchitis  in  nine  of  these 
cases  and  considers  that  this  dual  pathology  is  not  rare.  Morgan  (1978)  made 
similar  observations  in  men  exposed  to  magnetic  dust  as  distinct  from  fume. 
It  has  been  postulated  that  pneumonia  is  more  common  in  welders  than  would 
be  expected  from  calculations  on  the  incidence  in  the  general  population. 
In  the  Registrar  General's  Decennial  Report  for  1930-32  it  is  stated  that 
15  men  registered  as  welders  or  cutters  in  this  country  had  died  of 
pneumonia  compared  to  an  expected  13  while  the  overall  death  rate  was  lower 
than  expected;  Standardised  Mortality  Ratio  76.  In-the  same  report  for 
1951  welders  deaths  were  higher  than  expected,  1196  observed,  1092 
expected,  with  a  Standardised  Mortality  Ratio  of  110.  A  substantial 
proportion  of  this  excess  was  dus  to  70  deaths  from  pneumonia  against  an 
,  expected  31;  SMR  226.  The  Decennial  Supplement  for  1961  (Registrar  General 
1967)  reports  2163  deaths  compared  to  2016  expected,  SMR  107  and  again 
pneumonia  accounted  for  a  noticeably  high  proportion  of  the  excess,  SMR  184. 
The  overall  occupational  unit  SMR  in  the  1971  Supplement  (Registrar  General, 
1978)  was  122.  In  this  and  earlier  reports  the  SMR  Pneumonia  is  compared 
to  SMR  Bronchitis.  This  ratio  was  2.07  in  1951,1.6  in  1961  and  1.4  in  1971, 
reducing  but  still  significantly  and  unusually  high.  It  was  shown  in  the 
1951  supplement  that  the  extra  risk  of  pneumonia  was  apparently  constant 
-  80  - almost  throughout  the  working  life  while  for  bronchitis  it  did  not  become 
excessive  until  over  55  years  of  age.  The  excess  for  pneumonia  is  not 
demonstrated  in  welders  wives  (Challen,  1974)  suggesting  an  occupational 
hazard.  Doig  and  Challen  (1964)  postulated  that  some  of  the  cases  were 
due  to  excess  exposure  to  irritating  fumes.  The  Certificates  of  Cause  of 
Death  for  those  welders  in  the  1971  Decennial  Supplement  who  died  of 
pneumonia  and  of  chronic  bronchitis  have  been  studied  by  the  writer.  Among 
the  57  men  with  pneumonia  as  the  primary  cause  of  death,  chronic  bronchitis 
was  mentioned  in  Part  II  of  the  certificate,  while  in  those  83  deaths 
attributed  to  chronic  bronchitis,  pneumonia  was  mentioned  in  Part  II  of 
the  certificate  in  18  cases  suggesting  a  possible  underreporting  of 
pneumonia  or  vice  versa  related  to  the  coding  rules.  This  may  not  affect 
the  SMR  as  the  rules  apply  to  the  base  population  but  could  affect  the 
true  ratio.  It  is  considered  that  the  Decennial  Supplement  may  be  useful 
as  an  indicator  of  areas  requiring  further  study  but  not  to  argue  for  or 
against 
the  existence  of  an  excess  risk.  It  should  be  noted  that  the 
Decennial  Supplement,  1971  contains  data  on  smoking  habits  derived  from 
the  General  Household  Survey  and  that  these  show  welders  proportional 
current  smoking  ratio  to  rank  12  of  62  occupational  units.  This  is  likely 
to  contribute  to  an  excess  of  respiratory  deaths. 
In  America  Milham  (1976)  analysed  Washington  State  Death  Records  1950-1971 
by  occupation  using  a  proportion  mortality  ratio  method.  He  found  that 
welders  and  flame  cutters  (unfortunately  grouped  together)  had  an  excess 
mortality  from  lung  cancer  (PMR  137),  chronic  bronchitis  with  emphysema 
(PMR  537),  chronic  interstitial  pneumonia  and  all  other  lung  related 
diseases.  Menck  and  Henderson  (1976)  made  similar  observations  of  the 
.  significant  excess  risk  of  lung  cancer  in  welders  (SMR  137)  in  Los  Angeles 
County.  Dunn  et  al  (1960)  and  Hueper  (1966)  drew  similar  conclusions. 
Sorensen  and  Sidenius  (in  preparation)  have  shown  a  significant  excess 
of  throat  cancer  in  a  group  of  welders  in-Denmark. 
-  81  - In  an  earlier  study  of  pneumonia  in  welders  in  American  shipyards,  Collen 
(1947)  found  that'  the  incidence,  type  and  course  of  the  disease  did  not 
differ  from  that  of  other  groups  in  the  local  general  population.  Doig 
and  Duguid  (1951)  found  no  excess  of  pneumonia  among  their  welders  but 
the  investigation  was  rather  superficial  due  to  the  paucity  of  information 
available  to  them.  Sander  (1944)  and  Schuler  et  al  (1962)  found  no 
excess  of  respiratory  infections  among  the  welders  they  studied  but 
Sevcik  et  al  (1960)  found  excessive  recurrent  pulmonary  infections. 
4.3.5  Pulmonary  function 
Hunnicutt  et  al  (1964)  studied  FEV1,  FYC,  MEFR,  MMF  and  MBC  in  all  their 
100  welders  and  100  controls  and  related  their  results  to  smoking  habits. 
Six  welders  and  three  controls  had  been  excluded  from  their  study  because 
of  significant  radiographic  abnormality  (excluding  siderosis),  asthma, 
CVS  disease  or  a  history  of  exposure  to  acknowledged  harmful  dusts  or 
fumes  and  thus  their  results  are  not  truly  representative  of  their 
>opulation  of  welders.  There  was  a  significant  difference  in  the 
. Dercentage  of  those  with  abnormally  low  FEV1  between  welders  who  smoked 
(52%)  and  controls  who  smoked  (12%)  but  no  similar  difference  in 
relation  to  FVC.  When.  all  tests  of  lung  function  were  considered 
welders  who  smoked  had  a  prevalence  of  abnormal  lung  function  twice 
that  of  the  control  group,  51%  and  25%  respectively.  There  was  a 
smaller  difference  between  the  non-smokers,  34%  in  welders  and  20%  in 
controls.  Overall  46%  of  welders  and  25%  of  controls  had  abnormal 
results;  obstructive  37%  and  3%,  restrictive  10%  and  11%  and  mixed 
6%  and  2%  respectively.  Thus  there  was  evidence  of  a  cumulative 
effect  of  cigarette  smoking  and  welding  resulting  in  obstructive 
airways  disease. 
r 
82 Kierst  et  al  (1964)  reported  reduced  vital  capacity  in  a  third  of  his 
173  welders  drawn  from  heavy  engineering  and  shipbuilding  and  using 
manual  metal  arc  almost  exclusively.  This  high  prevalence  is  in 
conflict  with  almost  all  other,  studies  but  may  be  explained  by  the 
high  pollutant  level  of  19-30  mg/m3.  There  was  a  trend  towards 
reduced  FEV1,  with  increasing  length  of  exposure. 
Ahlmar!  c  and  Lonneberg  (1953),  Haglind  (1957),  Pilat  et  al  (1963)  and 
Kleinfeld  et  al  (1969)  found  no  significant  differences  in  group  means 
between  welders  and  controls  in  their  studies.  Kleinfeld  found  no 
correlation  between  lung  function  abnormalities  and  length  of  exposure  but 
he  did  not  consider  the  effect  of  smoking. 
Fogh  et  al  (1969)  studied  FEV1,  FVC,  TLC  and  RV  in  156  welders  and  152 
controls.  The  group  mean  FEV1  was  identical  and  within  normal  limits 
for  both  groups  and  there  was  no  significant  difference  between  welders 
and  controls  of  the  same  smoking  habit.  Welders  showed  increasing 
impairment  with  increasing  use  of  tobacco  with  significant  differences 
between  smokers  and  non-smokers.  This  was  not  apparent  in  the  controls. 
When  lung  function  result  patterns  were  compared  there  was  no  definite 
difference  between  welders  and  controls.  Thirteen  (8%)  welders  had 
impaired  lung  fui:  ý-tion  all  obstructive,  eight  had  questionable  impairment 
and  one  was  not  tested.  In  the  controls  17  (11%)  had  impaired  function, 
-12  obstructive  and  5  restrictive,  and  six  had  questionable  impairment. 
They  concluded  that  there  was  a  definite  relationship  between  smoking 
and  lung  function  in  welders  but  not  in  controls. 
Peters  et  al  (1973)  examined  FEV1,  FVC,  PFR,  MEFV  curves,  TLC,  RV  and 
TF  in  61  welders  and  63  controls  and  found  no  significant  differences 
between  the  two  groups.  Among  the  welders,  those  who  had  never  smoked  had 
83 predicted  normal  results  while  smokers  and  ex-smokers  tended  to 
have  abnormal  results,  mainly  of  an  obstructive  pattern.  No  comparison 
between  welders  'and  controls  of  the  same  smoking  habit  is  made  by  these 
authors. 
Barhad  et  al  (1975)  assessed  lung  function  (FEV1  and  FVC)  in  only  125 
of  their  group  of  173  welders  working  mainly  with  basic  electrodes  and 
in  none  of  the  controls.  Comparison  of  group  means  of  smokers,  ex-smokers 
and  non-smokers  showed  no  significant  differences.  Twenty  five  (20%)  had 
a  ventilatory  function  defect.  Twenty  one  of  these  was  of  the  restrictive 
type.  A  trend  towards  lower  FEV1  with  increasing  length  of  exposure  was 
found,  the  difference  between  the  5-10  year  and  11-15  year  subgroups  being 
significant.  Among  welders  with  more  than  10  years  work  experience 
ventilatory  defects  were  2-4  times  more  frequent  than  in  those  with  5-10 
years  experience.  These  authors  consider  that  the  effect  of  occupational 
exposure  on  lung  parenchyma  rather  than  airways  prevailed  in  this  group 
of  welders. 
Antti-Poika  et  al  (1977)  measured  FEV1  and  FVC  in  57  welders  and  108* 
controls.  No  significant  differences  were  found  between  the  two  groups. 
Ouw  et  al  (1977)  studied  FEV1,  FVC  and  MMEF  in  84  welders  before  and 
, 
after  a  shift.  The  group  mean  differences  between  the  before  and  after 
values  of  FVC  were  statistically  but  not  clinically  significant  while 
the  other  results  showed  no  significant  difference.  Thirteen  welders 
showed  a  decrease  of  300  ml  in  FEV1,  considered  to  be  clinically 
significant,  but  this  was  not  positively  correlated  to  measured  fume  and 
gas  exposure. 
Ross  (1978)  studied  FEV1,  FVC  and  PFR  in  his  large  series  of  welders. 
Among  the  smokers  22.4%  showed  obstruction  and  8:  4ö  restriction  while 
in  the  non-smokers  20.3%  had  obstruction  and  6.6%  restriction. 
_84_ 4.4  Toxicology  and  biological  effects  of  specific  welding  pollutants 
4.4.1  Oxides  of  nitrogen 
4.4.1.1  It  has  been  suggested  that  sub-acute  exposure  to  NO  along  with 
other  non  ferrous  constituents  of  welding  fume  may  be  responsible  for 
symptoms  in  the  relatively  small  fraction  of  patients  with  arc  welders' 
pneumoconiosis  who  have  respiratory  complaints  (Guidotti,  1978).  Indeed, 
in  1973  it  was  ruled  on  appeal  (Cartwright  v.  G.  K.  N.  Sankey,  1973)  that 
periodic  exposure  of  a  welder  during  the  day  to  concentrations  of  nitrogen 
dioxide  between  2.8  to  4.4  ppm  can  give  rise  to  chronic  bronchitis  and 
emphysema  or  aggravate  an  already  existing  state  of  these  diseases. 
Becklake  et  al  (1957)  and  Kennedy  (1972)  offer  evidence  to  support  this 
view  but  these  studies  of  respiratory  effects  of  gases  arising  from 
explosives  are  deservedly  criticised  by  Parkes  (1974)  and  Prowse  (1977). 
The  first  recorded  death  from  inhalation  of  oxides  of  nitrogen  was  due 
to  an  accidental  spillage  of  red  fuming  nitric  acid  in  1804  (Desgranges, 
1804.,  McAdams  and  Krop,  1955.,  Ramirez-R,  1974).  Accidental  over- 
exposure  during  welding  and  cutting  is  well  recorded  (McCord  et  al,  1941.9 
Norwood  et  all  1966.,  Morley  and  Silk,  1970.,  Bates  et  all  1971.,  Jones 
et  all  1973)'but  more  knowledge  of  the  effects  of.  acute  and  chronic 
exposure  has  derived  from  studies  of  silo-  filler  s'dis  ease  (Grayson,  1956 
and  1957.,  Lowry  and  Schuman  ,  1956.,  Gailities  et  al,  1958.,  Schell,  1958., 
Lieb,  1958.,  Rafii  and  Godwin,  1961.,  Ramirez-R  and  Dowell,  1971.,  Scott 
,.,,  and  Hunt,  1973.,  and  Morrisey,  1975),  from  industrial  chemistry  (Horvath 
et  all  1978)  and  from  over  100  cases  simultaneously  exposed  during  a  fire 
involving  nitrocellular  x-ray  films  (Nicholls,  1930).  Oxides  of  nitrogen 
derived  mainly  from  the  combustion  of  fossil  fuels  contribute  to  urban 
air  pollution  and  this  has  prompted  much  research  especially  in  America. 
-  85-' The  temperature  of  combustion  in  cigarettes  is  too  low  to  oxidise 
atmospheric  nitrogen  but  combustion  of  organic  nitrogen-containing 
compounds  in  the  tobacco  produces  oxides  of  nitrogen,  mainly  nitric 
oxide  (NO)  but  also  some  nitrogen  dioxide  (NO  )  (Kensler  and  Battista, 
1963.,  Schmeltz  and  Hoffman,  1977).  The  N  OX  content  of  undiluted 
cigarette  smoke  varies  between  150  and  650  ppm  with  little  difference 
between  filtered  and  unfiltered  brands  (Haagen-Smit  et  al,  1959). 
Cigars  and  pipes  may  produce  even  higher  concentrations  of  NO  ,  up  to 
1200  ppm,.  but  the  smoke  is  usually  diluted  with  more  air  than  cigarette 
smoke. 
The  major  part  of  the  NO 
x 
is  retained  in  the  lungs  (Dalhamn-,  1968., 
Von  Nieding  et  alp  1970.,  Ichioka,  1972).  Thus  the  habitual  smoker  of 
at  least  one  pack  of  cigarettes  a  day  may  absorb  3.0  mg  NO  daily  and 
regularly  exceeds  the  maximum  permitted  occupational  exposure  for  NO2 
(Haagen  Smit  et  al,  1959.,  Bokhoven  and  Neissen,  1911). 
Sensitive  subjects  can  detect  the  pungent  odoar  of  nitrogen  dioxide 
at  a  concentration  of  1.12  ppm  but  this  perception  can  be  inhibited 
by  gradual  exposure  to  the  gas  up  to  25  pp®  (Henschler  et  al,  1960., 
Shalemberidze,  1967)  and  possibly  higher.  The  gas  is  feebly  irritant 
to  the  upper  respiratory  tract  at  60  ppm  and  causes  coughing  at  100  ppm 
(Pieters  and  Creyghton,  1951).  This  threshold  of  irritation  is  raised 
after  a  short  time  working  in  a  contaminated  atmosphere.  Nitrogen  dioxide 
reduces  the  sensitivity  of  dark  adaptation  (Shalemberidze,  1967)  but  this 
is  a  poor  warning  of  concentrations  over  the  TLV.  Therefore  workers  may 
be  exposed  to  concentrations  well  above  the  TLV  without  experiencing  any 
discomfort.  Nitric  oxide  is  odourless. 
4. 
86- Nitrogen  dioxide  is  relatively  insoluble  and  when  inhaled  it  readily 
reaches  the  periphery  of  the  lang  (Heimann,  1967.,  Ichioka,  1972)  and 
in  the  bronchioles  and  alveoli  it  undergoes  almost  complete  hydrolysis 
to  nitrous  and  nitric  acids  (McAdams,  1955).  This  is  the  most  likely 
site  of  injury.  These  smallest  airways  contribute  only  a  small  fraction 
of  total  airway  resistance  as  measured  by  conventional  spirometry  and 
thus  expiratory  flow  measurements  are  required  to  detect  abnormalities 
of  function. 
The  oxides  of  nitrogen  participate  in  several  reactions  which  are  known 
or  suspected  to  interfere  with  biological  systems  (Austin,  1967).  These 
include:  - 
a.  Alveolar  epithelial  injury  due  to  the  action  of  nitric  acid 
generated  from  NO2  in  aqueous  solution.  (Greenberg  et  al,  1971). 
b.  oxidation  of  lecithin  in  cell  membranes  and  pulmonary  surfactant 
with  formation  of  stable  free  radials  which  can  oxidise  unsaturated 
fatty  acids  possibly  altering  the  characteristics  of  membranes. 
(Rowlands  and  Gause,  1971). 
c.  direct  oxidation  of  unsaturated  fatty  acids  (Roehm  et  al,  1971). 
d.  release  of  nitric  ions  (from  dissociation  of  nitric  acid)  which 
may  participate  in  nitrosation  reactions.  N-nitrosation  produces 
nitrosamines  some  of  which  are  potent  carcinogens  (Shapley,  1976). 
These  reactions  are  pH  dependent  and  are  generally  considered 
biologically  significant  for  their  potential  role  in  carcinogenesis 
in  the  gastro-intestinal  tract  rather  than  in  the  lung  (Archer, 
1971.,  Keefer  and  Roller,  1973.,  Lijinsky,  1977). 
e,  poisoning  of  the  cytochrome  transport  chain  may  be  a  primary 
toxic  effect  (Toothill,  1967)  but  this  is  unconfirmed. 
-87. 4.4.1.2  Acute  intoxication 
The  descriptions  of  the  clinical  presentation  of  patients  exposed 
accidentally  to  high  concentrations  of  oxides  of  nitrogen,  predominantly 
nitrogen  dioxide,  are  remarkably  consistent  in  the  many  cases  and  series 
in  the  literature  (Wagner,  1917.,  Nichols,  1930.,  Lindguist,  1943", 
Carmiel  and  Berkan,  1944.1  Rossano,  1945.,  Chaumont,  1954.1  Grayson,  1956., 
Moskowitz  et  al,  1964.,  Norwood  et  al,  1966.,  Clutton-Brock,  1967., 
Gregory  et  al,  1969.,  Milne,  1969.,  Larcan,  1970.,  Morley  and  Silk,  1970., 
Tse  and  Bockman,  1970.,  Ramirez-R  and  Dowell,  1971.,  Jones  et  al,  1973., 
Scott  and  Hunt,  1973.,  Morrisey,  1975.,  Horvath  et  al,  1978).  The  syndrome 
frequently  follows  a  biphasic  course  (Milne,  1969)  the  acute  bronchospasmic 
phase  progressing  after  a  short  period  to  pulmonary  oedema  (Von  Oettingen, 
1941)  which,  should  the  patient  survive,  is  followed  after  an  interval  by 
a  relapse,  often  sudden,  due  to  the  development  of  bronchiolitis  obliterans 
(Milne,  1969)  or  pneumonitis  (Latowsky  et  al,  1941).  In  some  cases  the 
phase  of  pulmonary  oedema  may  progress  directly  to  bacterial  broncho- 
pneumonia  (Von  Oettingen,  1941).  In  contrast  Vigliani  and  Zurlo  (1955) 
reported  that  a  group  'Of  workers  in  Italy  employed  i;  the  manufacture  of 
nitric  acid  were  exposed  to  concentrations  of  30-35  ppm  nitrogen  dioxide 
in  air  for  an  unspecified  number  of  years  without'  signs  or  symptoms  of 
injury.  The  clinical  presentation  varies  with  the  concentration  and 
duration  of  the  exposure,  150  ppm  for  even  a  short  time  is  usually  fatal. 
(National  Research  Council,  1977a).  It  is  very  difficult  to  predict  the  course 
-  of  events  for  any  dose  (McAdams,  1955)  but  any  of  the  following  may  occur. 
Superacute  intoxication  is  rare  and  is  due  to  exposure  over  500  pp;  n. 
Death  usually  occurs  shortly  after  exposure  and  is  due  to  hypoxaemiä  from 
asphyxiation  and  possibly  methaemoglobinaemia. 
88  - Acute  bronchospasm  is  the  most  common  initial  symptomatic  phase  but  it 
may  have  passed  before  the  patent  seeks  medical  aid  or  may  be  unreported 
(Wisconsin  Rural  Health,  Study,  1978).  It  may  occur  at  concentrations  as 
low  as  15-25  PPM-  There  is  dyspnoea,  wheeze,  cough,  diffuse  -weakness  and 
often  nausea,  headache,  conjunctivitis,  tachycardia  and  chest  pain  which 
may  be  pleuritic. 
Experimental  studies  on  man  have  been  restricted  to  much  lower  concentrations. 
Orehek  and  his  colleagues  (1976)  showed  that  a  group  of  asthmatics  exposed 
'  to  0.1  ppm  for  an  hour  developed  increased  sensitivity  to  broncho- 
constricting  agents.  Most  studies  of  exposure  of  normal  and  bronchitic 
patients  to  concentrations  between  1  and  5  ppm  have  shown  increased  airways 
resistance  and  decreased  maximum  expiratory  flow  but  usually  no  change  in 
lung  volumes  (Matsuo,  1967.,  Shy  et  al,  1970a.,  Von  Nieding  et  al,  1971  and 
1973.,  Von  Nieding  and  Krekeler,  1971.,  Stephens  et  al,  1972.,  Beil  and 
Ulmer,  1976.,  Pengelly,  1974.,  Smidt  and  Von  Nieding,  1974),  while  exposure 
to  0.62  ppm  produced  no  significant  adverse  effects  (Folinsbee  et  al,  1978). 
Beil  and  Ulmer  (1976)  found  no  change  until  the  concentration  of  NO 
2. 
exceeded  2.5  ppm  when  there  was  a  significant  increase  in  airways  resistance. 
This  was  followed  by  a  slight  decrease  and  then,  after  2  hours,  by'a  second 
and  more  pronounced  increase.  Their  subjects  showed  increased  sensitivit;  - 
to  bronchoconstricting  agents  after  exposure  to  7.5  ppm  for  2  hours  and 
5  ppm  for  14  hours.  Von  Nieding  and  his  co-workers  (1971)  exposed  volunteers 
to  5  ppm  NO2  for  15  minutes  and  found  a  marked  increase  in  airways  resistance. 
'It  was  shown  that  this  could  be  blocked  by  meclastine,  an  antihistamine, 
suggesting  that  the  changes  were  mediated  by  mast  cell  degranulation  and 
histamine  release  (Von  Nieding  and  Krekeler,  1971).  In  mice  mast  cell 
degranulation  occurs  after  inhalation  of  I  ppm  NO2  for  two  hours  and 
-regranulation  proceeds  with  chronic  exposure  (Thomas  et  al,  1967). 
-89  - Following  exposure  of  healthy  subjects  to  5  ppm  for  15  minutes  workers 
have  recorded  reduced  lung  compliance  (Abe  and  Matsuo,  1967),  diminished 
CO  diffuse  capacity  (Von  Nieding  et  al,  1973)  and  altered  ventilation- 
diffusion  matching  (Von  Nieding  et  al,  1970,1973). 
After  a  relatively  sytitorn  free  latent  period  of  usually  3-30  hours  but 
occasionally  as  long  as  10  days  pulmonary  oedema  may  develop  in  those 
who  have  survived  the  acute  bronchospasm  phase.  It  is  frequently  fatal 
within  48  hours  when  exposure  has  been  very  high,  in  the  region  of  500 
ppm  (National  Research  Council,  19Th).  There  is  a  feeling  of  constriction 
in  the  chest,  cough,  severe  dyspnoea  and  cyanosis  associated  with  the 
clinical  and  radiological  signs  of  pulmonary  oedema.  This  tends  to 
respond  poorly  to  the  usual  management  of  volume  overload. 
The  earliest  phase  of  nitrogen  cytotoxicity  appears  to  be  in  the 
epithelium,  preceding  partition  of  oedema  fluid  into  the  interstitium 
thus  the  pathogenesis  of  the  oedema  is  extravasation  of  fluid  from  a 
vascular  space  of  compromised  integrity  rather  than  a  transcapillary 
pressure  phenorenon  (Guidotti  and  Liebow,  1977). 
Patients  who  survive  this  pulmonary  oedema  may  make  a  complete  recovery 
or  may  have  a  period  of  apparent  recovery  and  then  suddenly  relapse 
having  developed  bronchiolitis  obliterans,  or  may  steadily  progress  to 
bronchopneumonia.  Johnston  and  Miller  (1960)  were  among  the  first  to 
note  the  progression  to  bronchiolitis  obliterans.  These  later  events 
may  closely  mimic  overwhelming  bacterial  pneumonia  or  miliary 
tuberculosis  (Rafii  and  Godwin,  1961).  Some  patients  may  have 
bronchiolitis  obliterans  as  the  presenting  feature  having  apparently 
. escaped  the  phases  of  bronchospasm  and  pulmonary  oedema. 
r 
-  90 Bronchiolitis  obliterans  results  from  the  dysplastic  regeneration 
of  bronchial  epithelium  causing  partial  or  total  obliteration  of 
bronchioles.  The  severely  damaged  epithelium  and  entrapped  intralobular 
exudate  organise  with  invasion  of  the  muscularis  mucosa  by  exuberant 
fibroblastic  proliferation.  There  is  great  variation  in  the  extent 
of  bronchiolar  occlusion  and  the  number  of  airways  involved.  When 
extensive  this  complication  is  lethal  (Guidotti,  1978)  with  the  risk 
highest  when  exposure  has  been  to  concentrations  exceeding  150  ppm. 
In  less  severe  cases  the  prognosis  is  good  unless  treatment  is  delayed 
(Rafii  and  Godwin,  1961.,  Moskowitz  et  all  1964.,  Milne,  1969., 
Morrisey,  1975). 
Long  term  sequalae  of  inhalation  of  high  concentrations.  of  NO2  are 
variable  and  probably  relate  to  the  extent  of  exposure  and  the  severity 
of  the  bronchiolitis  obliterans.  Most  patients  who  survive  appear  to 
recover  with  no  functional  impairment  but  an  occasional  individual  may 
exhibit  pulmonary  dysfunction  of  variable  severity.  (Gregory  et  al,  1969., 
Milne,  1969.,  Ramirez-R  and  Dowell,  1971.,  Buhmann,  1971+.,  Horvath  et  al, 
1978).  The  risk  is  highest  in  those  patients  who  developed  functionally 
significant  bronchiolitis  obliterans.  Their  abnormalities  will  be' 
predominantly  restrictive  and  may  be  disabling  although  frank  interstitial 
fibrosis  may  be  difficult  to  demonstrate  radiographically  (Moskovitz  et  al, 
1964.,  Jones  et  al,  1973.,  Scott  and  Hunt,  1973.,  Morrisey,  1975). 
,  4.4.1.3  Diminished  resistance  to  infection 
Before  much  animal  experimentation  data  was  available  it  had  been  said 
that  diminished  resistance  to  infection  might  be  the  most  sensitive 
indicator  for  a.  biological  effect  of  nitrogen  dioxide  (Cooper  and 
, 
Tabershaw,  1966).  Although  the  evidence,  to  support  this  for  acute 
r 
_91-_ respiratory  infections  is  inconclusive  (see  below)  there  may  be 
increased  susceptibility  in  those  who  have  been  exposed  to  moderately 
low  concentrations  (Ehrlich,  1966). 
Animal  data  are  largely  compatible  with  this  effect  (Ehrlich  and  Henry, 
1968.,  Blair  et  all  1969.,  Henry,  1970.,  Fenters,  1971.,  Kosmider,  1973., 
Schiff,  1977).  Workers  exposed  to  low  doses  of  NO2  have  shown  reduced 
serum  IgG  and  complement  and  increased  IgA  and  IgM.  Alveolar 
macrophages  are  metabolically  vulnerable  to  NO2  toxicity  and  may  be 
impaired  in  key  functions  after  exposure  namely  phagocytosis,  killing 
ability  and  interferon  production.  (Holzman  et  all  1968.,  Valand  et  all 
1970.,  Acton  and  Myrvik,  1972.,  Milanesi,  1972.,  Mintz,  1972.,  Simons, 
. 
1972.,  Williams  et  all  1972.,  Robin  and  Theodore,  1973.,  Vasallo  et  all 
1973.,  Simons  et  all  197+). 
Depressed  mucociliary  function  has  also  been  described  (Battigelli  et  al, 
1967).  Coffin  and  his  colleagues  (1976)  have  shown  that  for  similar 
doses  (dose  =  concentration  x  time)  the  concentration  is  more  critical 
than  the  time. 
Several  epidemiological  investigations  have  been  conducted  but  are 
bedevilled  by  the  presence  of  a  mixture  of  pollutants. 
Petr  and  Schmidt  (1966)  found  a  two  fold  excess  in  acute  respiratory 
disease  among  7-12  year  old  children  living  near  a  large  chemical  complex 
with  atmospheric  concentration  approximately  .  035  ppm  compared  to  a 
lower  exposure  group  of  similar  socioeconomic  characteristics.  There 
were  a  greater  number  of  children  with  hypertrophied  tonsils  with  enlarged 
'cervical  lymph  nodes  in  the  "higher  exposure"  towns. 
d. 
-  92-- Lindberg  (1962)  found  that  children  living  near  a  fertiliser  plant  in 
an  atmosphere  containing  .  17  to  1.8  ppm  NO2  experienced  a  16-17  fold 
excess  of  acute.  upper  respiratory  disease  compared  to  similar  children 
living  10  Km  away. 
Giguz  (1968)  comparing  students  in  fertiliser  factories  with  others 
without  exposure  found  that  the  former  group  had  an  increased  incidence 
of  acute  respiratory  disease  and  increased  serum  levels  of  beta-lipoproteins, 
cholesterol  and  albumin.  The  NO2  daily  exposure  did  not  exceed  0.053  ppm. 
Polyak  (1970)  reported  that  patients  living  within  I  Km  of  a  chemical 
works  made  44%  more  visits  to  the  health  clinic  than-those  who  lived  more 
than  3  Km  from  the  chemical  works.  Atmospheric  NO2  content  near  to  works 
was  .  31  to  .  64  ppm. 
In  the  Chattanouga  School  Children  Study  (Pearlman  et  al  1971.,  Shy  et  al,, 
1970a  and  b)  the  respiratory  illness  rates/100  persons  were  significantly 
higher  in  areas  of  higher  NO2  pollution  than  areas  of  low  pollution. 
Bronchitis  rates  per  100  children  corresponded  to  the  area  gradient  in 
NO2  among  those  who  had  lived  in  the  area  for  3  or  more  years  and  rates 
in  children  from  the  high  NO2  were  significantly  higher  than  from  the 
low  area. 
Until  more  is  known  about  the  toxicities  of  the  co-existing  pollutants 
it  is  not  possible  to  ascribe  a  causal  relationship  to  any  one  pollutant 
at  a  given  concentration. 
r 
-93= 4:  4.1.4  Effects  of  long  term  e2Sposure  to  oxides  of  nitrogen  on  lung 
structure  an/or  function 
At  present  there  is  no  conclusive  evidence  that  long  term  exposure  to  low 
levels  of  nitrogen  dioxide  leads  to  emphysema  or  chronic  bronchitis  in 
man.  Kennedy  (1972)  has  suggested  that  coal  miners  exposed  to  shot- 
firing  fumes  may  develop  emphysema  due  to  chronic  nitrous  fume  poisoning 
and  presented  details  of  100  miners  to  support  this  contention.  Serious 
faults  in  the  design  of  the  study,  detailed  by  Prowse  (1977)  prevent  it 
making  any  definite  contribution  to  knowledge  of  effects  of  exposure  to 
NO2  alone  which  is  unfortunate  as  Graham  and  Runnicles  (1943)  reported 
average  figures  of  0.8-4.5  ppm  at  the  coal  face  after  shotfiring  and 
emphysematous-like  abnormalities  have  been  produced  in  animals  at  these 
concentrations. 
When  rats  inhaled  15  ppm  for  three  months  large  collagen  fibrils  were  seen 
in  the  submucosa  of  terminal  bronchioles  (Stephens  et  al,  1971  and  1972). 
Air  trapping  occurred  after  4  months  exposure  and  alveolar  ducts  became 
obviously  dilated  (Freeman,  1969).  over  2  to  3  years  exposure  the  lungs 
had  increased  compliance,  thickened  alveolar  septa  and  a  reduction  in 
the  total  number  of  alveoli  to  only  one  third  that  of  the  controls 
(Freeman,  1972).  Emphysematous  changes  developed  in  a  centrilobular 
pattern,  associated  with  functional  changes  of  obstructive  airways  disease. 
Other  workers  have  made  similar  observations  (Gray,  1959",  Kleinerman 
and  Wright,  1961.,  Wright  and  Kleinerman,  1963.,  Freeman  and  Haydon,  1964, 
Haydon  et  al,  1965.,  Wagner,  1965.,  O'Shiel,  1967.,  Freeman  et  al,  1968a, 
b  and  c.,,  Blair  et  al,  1969.,  Parkinson  and  Stephens,  1973",  Bils,  1974). 
Thus  prolonged  exposure  to  these  relatively  high  concentrations  results 
in  interstitial  fibrosis  and  centrilobular  emphysema  in  many  animal 
species,  the  fibrosis.  continuing  even  after  exposure  ceases. 
. 
-94-. Studies  at  exposure  concentrations  of  0.8-4.5  ppm  (the  same  range  as  in 
the  mines)  showed  that  over  a  long  period  bronchiolar  changes  developed  I 
but  the  alveolar  changes  were  less  evident  although  the  median  alveolar 
diameter  was  increased  (Freeman  et  al,  1966.,  Freeman  et  al,  1968a,  b 
and  c).  No  emphysematous  changes  were  produced  and  several  authors 
conclude  that  no  significant  changes  occur  at  these  low  levels  of 
exposure,  ie  concentrations  less  than  10  ppm  (Stephens  et  al,  1972., 
Evans  et  all  1972.,  Kleinerman  and  Niewoehner,  1973.,  Fenters  et  all 
1973.,  Azoulay  et  all  1978).  Blair  et  al  (1969)  reported  progressive 
expansion  of  the  alveoli  with  thickening  of  the  septal  wall  and  septal 
breakage  in  mice  exposed  to  0.5  ppm  for  6-24  hours  daily.  These  changes 
began  about  three  months  after  first  exposure.  This  is  the  lowest 
inspired  concentration  to  produce  tissue  injury  in  experimental  animals. 
Serum  anti-lung  connective  tissue  antibodies  occur  in  many  fibrotic  lung 
diseases  including  emphysema  with  chronic  bronchitis  (Burrell,  1963., 
Balchum  and  Van  Dyke,  1964).  Guinea  pigs  intermittently  exposed  to  5  ppm 
NO2  had  markedly  increased  serum  antilung  antibodies  (Balchum  1964,1965). 
Such  antibodies  may  form  against  denatured  collagen  altered  by  NO2  (Buell 
et  all  1966).  The  role  this  plays  in  the  pathophysiology  of  NO2  induced 
lung  disease  has  not  been  determined. 
Rynbrandt  and  Kleinerman  (1977)  reported  that  hamsters  exposed  to 
30  ppm  NO2  for  50  days  showed  a  fourfold  increase  in  proteolytic  activity 
of  the  pulmonary  alveolar  macrophage  lavage  when  measured  at  low  pH  but 
not  at  physiologic  values  of  pH.  This  may  predispose  to  greater  tissue 
destruction  when  the  tissue  exposed  to  NO2  is  at  low  pH.  This  may  occur 
in  Conditions  such  as  metabolic  acidosis,  hypercarbia,  local  tissue 
ischaemia  and  anoxia  due  to  bronchial  obstructions  and  abnormalities 
of  ventilation  -or  perfusion.  '  Such  events  may  be  present  in  persons  with 
-  95  - respiratory  infections  and  in  those  with  chronic  obstructive  lung 
disease  and  thus  when  exposure  to  NO2  is  superimposed  pulmonary  tissue 
destruction  may.  occur.  . 
This  dramatic  increase  in  macrophage  proteolytic  activity  is  also 
observed  in  alveolar  macrophage  lavaged  from  the  lungs  of  cigarette 
smokers  (Harris  et  al,  1975).  The  common  denominator  may  be  nitrogen 
dioxide,  a  well  recognised  combustion  product  of  tobacco  (see  4.4.1.1). 
There  have  been  several  epidemiologic  studies  to  determine  the  effects 
of  ambient  concentrations  of  airborne  pollutants,  including  oxides  of 
nitrogen  predominantly  NO2,  on  respiratory  health.  These  all  suffer  from 
the  pollutants  being  present  simultaneously  and  until  more  is  known  about 
the  toxiology  of  each  pollutant  it  is  impossible  to  categorically  ascribe 
any  causal  relationships  to  one  pollutant  at  a  specific  concentration. 
Mogi  et  al  (1968)  and  Yamazaki  et  al  (1969)  conducted  a  controlled  study 
of  the  effects  of  exposure  to  diesel  exhaust  resulting  in  maximum  NO2 
exposure  ranging  from  0.18  to  1.6  ppm  and  averaging  0.16  to  0.6  ppm  on 
lung  function  of  railway  employees.  Although  spirometric  tests  were 
highest  in  the  "no  pollution"  control  group  no  dose-response  relationship 
was  apparent  in  the  various  exposed  groups. 
In  the  Chattanouga  School  Children  Study  (Shy  et  al,  1970a)  lung  function 
in  7  and  8  year  olds  was  assessed  serially  and  studied  in  relation  to  the 
NO2  concentrations  in  the  atmosphere  in  several  communities.  Children  jr, 
the  highest  NO2  exposure  community  had  significantly  lower  FEV0.75  values 
than  the  others  but  the  differences  were  of  borderline  significance  and 
were  not  consistent  during  the  study  period.  The  prevalence  of  chronic 
respiratory  disease  among  the  parents  of  high  schgol  children  in  three 
-  96.  - exposure  areas  in"Chattanouga  showed  no  association  with  the  area 
gradient  in  NO2  exposure  (Chapman.  et  al,  1973). 
Speizer  and  Ferris  (1973a  and  1973b)  and  Burgess-and  his  colleagues 
(1973)  compared  pulmonary  function  of  urban  policemen  (average  ambient 
NO2  0.05  ppm)  and  suburban  policemen  (average  ambient  NO2  0.035  ppm) 
and  found  no  differences.  When  prevalence  of  chronic  bronchitis  was 
compared  the  only  excess  was  in  urban  smokers  over  urban  non-smokers. 
Cohen  et  al  (1972)  studied  people  living  in  an  area  of  relatively  high 
NO2  concentration  and  low  NO2  concentrations  and  found  no  significant 
differences  in  spirometry  nor  flow  volume  curves. 
In  a  survey  of  the  prevalence  of  bronchitis  in  housewives  living  in 
six  different  areas  of  Japan  it  was  concluded  that  excess  bronchitis 
was  attributable  largely  to  high  concentrations  of  sulphur  dioxide  and 
suspended  particulates  rather  than  to  NO2  (Central  Council  for  Control 
of  Environmental  Pollution,  1972). 
4.4.1.5  Excess-mortality 
Nitrous  acid  reacts  with  amines  to  form  nitrosamines,  some  of  which  are 
carcinogens.  Although  this  has  been  proposed  as  a  serious  risk  in  the 
ambient  levels  achieved  in  urban  air  pollution  there  has  been  no 
confirmatory  evidence  (Lijinsky,  1977). 
Mortality  rates  for  various  cancer  categories,  cardiovascular  disease 
and  respiratory  disease  in  38  United  States  Standard  Metropolitan 
Statistical  Areas  during  1959-1961  and  1961-1964  were  analysed  by 
Hickey  et  al  (1970)  in  relation  to  air  pollutant  measurements  taken  at 
the  National  Air  Sampling  Network  Station  in  each  of  the  areas.  Nitrogen 
dioxide  and  sulphur  dioxide  were  repeatedly  positively  associated  with 
-97- age,  race  -  and  sex-adjusted  and  unadjusted  mortality  rates  for 
various  cancers  and  for  arteriosclerotic  heart  disease.  They 
speculate  that*if  cancer  and  heart  disease  are  cumulative  somatic 
genetic  diseases  then  the  genetic  effects  of  exposure  to  NO2  and  SO2 
should  be  demonstrable  in  exposed  populations  as  excess  cancer  and 
heart  disease  and  they  present  several  arguments  to  support  the 
possibility  of  these  gases  being  mutagens.  The  arguments  are  weakened 
by  the  exposure  data  which,  in  a  mobile  population  like  that  of  the 
USA,  should  be  that  of  the  area  in  which  they  stayed  longest  rather 
than  in  which  they  died.  However,  the  consistency  of  the  results 
prevents  dismisoal  of  the  hypothesis  without  further  investigation. 
Other  studies  (Lebowitz,  1971)  failed  to  provide  convincing  evidence  o; 
a  relation  between  nitrogen  dioxide  and  daily  mortality  and  Gregory 
and  his  colleagues  (1969)  follow  up  study  of  the  Cleveland  Clinic  fire 
showed  that  survival  rates  of  those  exposed  to  the  fumes  were  no 
different  from  the  controls  who  were  present  but  were  not  exposed. 
4.4.2  Ozone 
4.4.2.1  Ozone,  03,  consists  of  three  oxygen  atoms  and  is  formed  by  the 
splitting  of  an  oxygen  molecule  into  two  free  oxygen  atoms  and  each  of 
these  combining  with  an  oxygen  molecule.  The  cleavage  of  oxygen 
molecules  can  be  brought  about  by  collision  with  free  electrons  at  high 
temperatures  and,  more  important  in  welding,  by  exposure  to  ultraviolet 
radiation. 
The  bond  energy  of  ozone,  that  is  the  energy  required  to  separate  an 
oxygen  atom  from-an  ozone  molecule,  is  comparatively  low  (1  electron 
volt)  while  the  bond  energy  for  oxygen  is'higher  (5  electron  volts). 
r 
98 This  makes  ozone  highly  unstable,  easily  decomposed  and  one  of  *the 
lost  powerful  oxidising  agents  known.  Only  fluorine  has  a  more 
:  lectronegative  oxidation  potential. 
Che  current  TLV  is  0.1  ppm  with  a  Ceiling  Value  of  0.3  ppm  (ACGIH  1977). 
?  or  a  person  with  a  normal  sense  of  smell  the  threshold  value  for  the 
)lfactory  perception  of  ozone  -is  0.05  ppm  (half  the  TLV)  but  this  is  an 
inreliable  protection  as  olfactory  perception  can  disappear  after  15-30 
ninuteß  of  exposure  to  air  containing  ozone  (Henschler  et  al,  1960).  LD50 
for  mice  is  3.8  ppm,  for  rats  5.0  ppm  and  guinea  pigs  10.6  ppm  in  a  four 
hour  exposure  period. 
It  is  difficult  to  predict  the  fraction  of  ambient  ozone  which  reaches 
the  distal  lung  parenchyma  but  it  is  likely  to  be  dose  dependent 
(Dungworth  et  al,  1975b).  Toxicity  increases  with  increasing  age  and 
dose  (Bils,  1970),  exercise  (Stokinger  et  al,  1956),  high  temperature, 
bacterial  and  viral  infection  (Stokinger  1965.,  Coffin  et  al,  1968., 
Holzman  et  al,  1968.,  Alpert  et  al,  1971.,  Goldstein  et  al,  1971., 
Coffin  and  Gardner,  1972.,  Balchum,  1973),  deficiencies  of  Vitamen  E' 
(Goldstein  et  al,  1970.,  Roehm  et  al,  1971a.,  Chow  and  Tappell,  1973) 
and  co-existence  of  nitrogen  dioxide  (Diggle  and  Gage,  1955). 
The  basic  biochemical  lesion  is  likely  to  be  lipid  peroxidation 
(Goldstein  et  al,  1967.,  Balchum  et  al,  1971.,  and  Roehm  et  al,  1971) 
and  /or  oxidation  of  biologically  active  reducing  substances  (Mountain, 
1963.,  Menzel,  1971  and  1976.,  and  Masr  et  al,  1971). 
I 
4.4.2.2  Animal  studies 
Most  studies  of  the  pathological  effects  of  ozone  have  been  conducted 
on  animals  but  there  is  evidence  that  the  results  can  be  applied  to 
man  with  a  degree  of  confidence  (Klinent,  1973.,  Miller  et  al,  1978b). 
-  99ý  - The  molecular  mechanism  of  ozone-induced  lunC  damage  is  incompletely 
understood.  0 
Ozone  reacts  with  proteins  of  lung  tissue  to  produce  a  severe  cellular 
irritation  which  alters  cell  wall  permeability  and  leads  to  severe 
pulmonary  oedema.  Exposure  to  2  ppm  causes  a  primary  reaction  with 
acute  cellular  response  and  oedema  then  a  secondary  phase  of  non-specific 
inflamation  with  consolidation.  At  1  ppm  pulmonary  oedema  may  be 
delayed  for  twenty  hours.  (Scheel  et  al,  1959). 
Degenerative  and  desquoiiative  changes  increase  from  above  downwards. 
In  rats  and  rabbits  the  epithelial  cells  lining  the  alveoli  immediately 
beyond  the  terminal  bronchiales  are  particularly  sensitive  to  ozone 
(Stephens  et  all  1973)  and  this  is  the  site  of  the  irost  obvious  and 
consistent  lesions  in  primates  (Dungworth  et  al,  1975a  and  b). 
Bronchioles  are  frequently  void  of  epithelium  with  sheets  of  desquamated 
cells  lying  in  the  lumen.  The  extent  of  pulmonary  oedema  coincides  with 
the  desquamative  changes.  Repeated  acute  injuries  cause  fibrosis  of 
bronchioles  and  alveolar  ducts. 
In  animals  the  immediate  effect  of  the  exposure  to  ozone  at  concentrations 
of  1-4  ppm  is  the  oxidation  of  labile  components  in  biological  systems 
to  produce  structural  and/or  biochemical  lesions  (Stokinger  and  Coffin, 
.  1968)  for  example  a  retardation  of  the  biochemical  activity  including  all 
enzymes  such  as  the  key  SH  enzymes  glucose 
-6-  phosphate  dehydrogenase 
(DeLucia  et  al,  1972)  and  succinate  dshydrogenase  (Mountain,  1963),  and 
membrane  bound  enzymes  such  as  the  plasma  membrane  5-  nucleotidase 
(Scheel  et  al,  1959)  and  lung  microsomal  membrane  P-450  (Goldstein  et  al, 
1975).  Mitochondrial  activity  and  production  of  surfactant  are  also 
"severely  compromised  (Holzman  et  all  1968.,  Dillard  et  all  1972.,  Kyei_ 
r 
Aboagye  et  al,  19?  3)"  If  the  acute  exposure  is  not  lethal  and  the  animals 
-  100- are  allowed  to  recover  some  parameters  of  lung  metabolism  are  greatly 
augmented  coincident  with  exudative  and  reparative  processes  (DeLucia 
et  all  1975.,  Dungworth  et  all  1975  a  and  b). 
Exposure  of  animals  to  ozone  at  0.1-0.8  ppm  can  cause  increases  in 
lung  metabolism  within  24-48  hours.  This  is  demonstrated  by  increases 
in  activity  of  glucose  -6-  phosphate  dehydrogenase  (DeLucia  et  all 
1975),  'mitochondrial  enzymes,  (Mustafa  and  Cross,  1974a.,  Mustafa  et  al, 
1975),  and  increased  DNA,  RNA  and  protein  synthesis  (Scheel  et  al,  1959", 
0  Evans  et  al,  1971.,  Hussian  et  al,  1975  and  1976.,  Werthamer  et  al,  1974). 
At  these  low  doses  there  is  initially  selective  increases  of  cell- 
turnover  and  accumulation  of  inflamatory  cells  (Plopper  et  al,  19?  3a 
and  b.,  Stephens  et  all  1974).  During  the  early  injury  and  repair 
phases  lung  collagen  synthesis  is  stimulated  more  than  non-collagen 
protein  synthesis  (Russian  et  al,  1975)  complementing  morphological 
findings  that  prolonged  exposure  of  experimental  animals  to  ozone  results 
in  mild  parenchymal  fibrosis  (Stockinger  et  al,  1957b.,  Freeman  et  al,  1971+). 
In  the  studies  conducted  by  Scheel  and  his  colleagues  (1959)  it  was  noted 
that  the  rabbits  aged  rapidly  with  skin  wrinkling  and  ossification  of 
costal  cartridges.  This  has  given  rise  to  speculation  that  ozone  may  be 
responsible  for  premature  aging  in  man  although  the  investigators  did  not 
suggest  this  relationship. 
4.4.2.3  Effect  on  man 
Ozone  attacks  mucous  membranes  especially  in  the  respiratory  tract 
causing  a  prickly  or  burning  sensation  in  the  pharynx  and  trachea,  dry 
cough,  chest  pain  or  discomfort  often  substernal  and  worst  on  deep 
, 
inspiration,  eg  during  spirometry,  wheezing.  These  symptoms  have 
been  reported  at  concentrations.  of  0.75  to  3.0  ppm  (Kleinfeld  et  al, 
-  101  - 1956  and  1957.,  Griswold  et  al,  1957.,  Challen  et  al,  1958.,  Ciamann 
and  Bancroft,  1959.,  Young  et  al,  1963.,  Bates  et  al,  1972.,  Hazucha 
et  al,  1973.,  Folinsbee  et  al,  1975",  Hackney  et  al,  1975a  and  b.. 
Kerr  et  ä1,  Silverman  et  al,  1976). 
Shortly  after  the  argon  arc  process  became  widely  used  complaints  of 
headache,  cough  and  other  symptoms  of  irritation  of  mucous  membranes 
were  made  by  welders  ani  attributed  to  ozone  (Ferry  and  Ginther,  1952., 
Le$,  1953)" 
i 
After  using  a  spectrograph  with  an  electric  spark  source  which  produced 
sufficient  ozone  to  give  an  ambient  concentration  of  I  ppm  within  an 
hour  laboratory  technicians  reported  upper  respiratory  tract  irritation 
after  the  first  15  minutes  and  after  a  fortnight's  work  were  dyspnoeic 
and  had  persistent  headaches  (Wilska,  1951).  Hill  and  Flack  (1912) 
exposed  themselves  -to  2-3  ppm  and  found  that  this  quickly  caused  upper 
respiratory  tract  irritation  followed  by  headaches  and  a  feeling  of 
oppression. 
Challen  and  his  colleagues  (1958)  found  symptoms  of  upper  respiratory 
tract  irritation  in  11  of  14  welders  exposed  to  ozone  concentrations  of 
0.8  to  1.7  ppm.  The  symptoms  disappeared  when  the  concentration  was 
reduced  to  0.2  ppm.  In  another  situation  (Young  et  al,  19A3)  only  one 
of  seven  welders  exposed  to  0.2-0.3  ppm  had  symptoms.  Kleinfeld  and  his 
associates  (1956,1957)  found  that  welders  chronically  exposed  to  0.3  to 
0.8  ppm  had  a  high  incidence  of  pharyngeal  irritation  and  chest  constriction 
while  those  exposed  to  concentrations  below  0.3  ppm  had  no  symptoms. 
Ozato  et  al  (1971)  concluded  that  high  levels  of  ozone  were  responsible 
for  complaints  of  irritation  of  eyes,  nose  and  throat,  headaches  and 
coughing  in  CO2  arc  welders. 
-102  - Lung  function  studies  of  subjects  exposed  to  conc.  entrations  of  0.5  ppm 
and  over  demonstrate  increased  resistance  in  small  airways  (reduced  FEV1,  I 
V  VC, 
V25%  VC' 
MEF,  closing  volume)  decreased  total  lung  capacity  and 
inspiratory  capacity  and  maximum  elastic  recoil  pressure.  Symptoms, 
especially  chest  tightness  and  pain,  were  positively  correlated  with 
changes  in  lung  function  and  this  is  consistent  with  the  hypothesis  of 
reflex  limitation  of  inspiration  due  to  tracheal  irritation  rather  than 
a  change  in  the  mechanical  properties  of  the  parenchyma  (Griswold  at 
all  1957",  Clamann  and  Bancroft,  1959",  Bennett,  1962.,  Young  et  all  1963., 
Mead  at  all  1967.,  Bouhuys  at  all  1969.,  Bates  at  all  1972.,  Olive  and 
Hyatt,  1972.,  Hazucha  at  all  1973.,  Mansell  at  all  1974.,  Silverman  at  all 
1974.,  Folinsbee  at  all  1975.,  Hackney  at  all  1975  a  and  b.,  Kerr  at  all 
1975",  Silverman  et  all  1976).  Transfer  factor  was  slightly  reduced  in 
studies  in  which  it  was  estimated.  This  could  be  secondary  to  ventilatory 
disturbances  or  damage  to  the  alveolar  capillary  membrane  as  described  in 
detail  by  Bils  (1970). 
Subjects  with  a  previous  history  of  cough,  chest  discomfort  or  wheezing 
associated  with  allergy  or  air  pollutants  are  more  susceptible  to  symptoms 
(Hackney  et  all  1975  a  and  b).  Symptoms  of  dry  cough  and  chest  discomfort 
at  0.5  ppm  for  6  hours  were  experienced  more  by  non-smokers  than  smokers 
(Kerr  at  al,  1975).  Hackney  and  his  colleagues  (1975  a  and  b)  made  similar 
observations  but  found  that  smokers  still  exhibited  measurable  changes  in 
lung  function.  It  has  been  suggested  (Kerr  et  al,  1975)  that  smokers  may 
be  inured  to  the  adverse  effects  of  inhaled  irritants,  especially  ozone, 
by  the  heavier  bronchial  secretion  in  the  bronchial  tree  as  ozone  may  be 
decomposed  by  mucus  leaving  little  or  none  to  attack  the  underlying  cells 
(Nasr  et  all  1971).  Symptoms  of  chest  constriction  and  cough  may  be  due 
to  limitations  of  the  depth  of  inspiration  by  the  Hering  Bruer  reflex 
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-r (Scheel  et  all  1959).  In  one  study  (Hallett,  1965)  six  of  eleven  subjects 
exposed  to  3.0  ppm  ozone  had  to  withdraw  mainly  because  of  severe  cough. 
Symptoms  attributed  to  ozone  exposure  are  not  limited  to  the  respiratory 
tract  and  some  suggest  a  systemic  effect.  Symptoms  during  or  after 
exposure  to  relatively  low  concentrations  (all  above  TLV)  have  included 
sore  eyes  and  loss  of  appetite  (Young  et  al,  1963),  fatigue  and  headache 
(Stock.  inger,  1954.1  Lagerwerff,  1963)  and  impairment'of  visual  acuity 
(Lagerwerff,  1963). 
More  serious  consequences  arise  with  exposure  to  higher  concentrations 
of  ozone.  Welders  exposed  to  about  9  ppm  for  3-14  days  while  doing  argon 
shielded  electric  welding  developed  severe  pneumonia,  presumably  chemical, 
although  ozone  does  inhibit  alveolar  macrophage  activity  probably  by 
reducing  specific  enzyme  activity  thus  lowering  resistance  to  infection. 
(Coffin  et  al,  1968.,  Hurst  et  al,  1970.,  Hurst  and  Coffin,  1971., 
Ehrlich  et  al,  1977). 
4.4.2.4  Tolerance  and  adaptation 
Pre-exposure  of  some  species  of  animals  especially  mice  to  concentrations 
of  ozone  as  low  as  0.3  ppm  or  brief  sub-lethal  exposure  to  higher 
concentrations  results  in  decreased  susceptibility  to  subsequent  high 
concentrations.  This  has  been  called  the  tolerance  effect  (Matzen, 
1957.,  Scheel  et  al,  1959",  Mountain,  1963.,  Stokinger,  1965., 
Fairchild,  1967.,  Jaffe,  1967.,  Alpert  and  Trent,  1971.,  Dungworth  et  al, 
1975b).  The  lowest  pre-exposure  doses  which  induce  tolerance  are  approxi- 
mately  the  same  threshold  levels  to  induce  augmentation  of  biochemical 
parameters  in  the  lung  suggesting  that  cellular  biochemical  changes  are 
responsible  for  the  induction  of  the  tolerance  state  (Cross  et  al,  1976x) 
This  tolerance  to  lethal  doses  does  not  confer  protection  against  ozone 
induced  bronchospasm  (Murphy  et  al,  1964)  nor  the  inflammatory  changes  in  the 
-1  ot+  - bronchioles  and  proximal  acini  caused  by  low  levels  of  ozone  and  is 
thus  of  little  importance  in  man. 
More  recent  biochemical  and  pathologic  observations  have  revealed  a 
more  important  aspect  of  reduced  susceptibility,  adaptation  (Mustafa 
et  all  1974b).  The  augmentation  of  lung  metabolic  processes  resulting 
from  low  level  ozone  exposures  mentioned  above  reach  a  maximum  2-4  days 
after  exposure  has  begun  (DeLucia  et  all  1975",  Dungworth  et  all  1975a). 
If  the  concentration  is  0.1  to  0.5  ppm  the  biochemical  changes  diminish 
during  continued  exposure  (Dungworth  et  all  1975a),  the  effect  being 
concentration  dependent  and  is  reflected  in  reversal  of  morphological 
abnormalities  after  a  month  in  rats  exposed  to  0.8  ppm  8  hours  a  day 
(Cross  et  all  1976b).  This  may  have  great  significance  to  human 
populations  chronically  exposed  to  these  concentrations  of  ozone,  eg 
those  in  urban  areas  with  photo-chemical  smoke  but  so  far  there  is  only 
a  suggestion  that  these  adaptations  seen  in  the  rodent  occur  in  man 
(Hackney  et  all  1975c). 
4.4.2.5  Potential  carcinogenic  prorerties 
The  potential  danger  of  genetic  damage  due  to  ozone  exposure  has  long 
been  recognised.  (Brinkman  and  Lambert,  1958.,  Buell  et  all  1965). 
Werthamer  and  Penha  (1974)  conclude  that  ozone  should  be  considered  a 
carcinogen.  ozone  is  believed  to  initiate  free  radicals  similar  to 
those  produced  by  radiation  (Brinkman  and  Lamberts,  1958)  and  induces 
chromosome  aberrations  in  cells  of  Vicia  faba  similar  and  additive  to 
those  produced  by  x-rays  (Fetner,  1958).  The  similarity  has  been 
demonstrated  further  in  vitro  and  vivo  (Fetner,  1962.,  Hattori  et  all 
1963).  It  is  not  known  if  these  abnormally  reacting  free  radicals  are 
0 
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(Fotner,  1958),  by  an  attack  on  enzyme  sulphydryl  groups  (Stokinger, 
1965)  or  by  a  breakdown  of  the  double  band  of  unsaturated  fatty  acids 
(Goldstein  and  Balchum,  1967).  Ozone  does  appear  to  accelerate  cell 
division  in  some  cell  types. 
Zelac  and  colleagues  (1971a  and  b)  have  studied  the  effects  of  ozone 
and  radiation  and  concluded  that  a  one  week  exposure  to  0.1  ppm  would 
result  in  a  chromosome  type  aberration  yield  in  the  peripheral  leucocytes 
which  would  be  six  orders  of  magnitude  greater  than  that  expected  from 
the  permitted  average  radiation  exposure  over  the  same  period  of  time. 
Fetner  (1962)  and  Gooch  et  al  (1976)  disagree  considering  that  no 
appreciable  frequency  of  chromosome  type  aberrations  occur. 
4.4.3  Carbon  monoxide 
This  gas  has  a  TLV  of  50  ppm  which,  extrapolating  from  data  provided  by 
deKretser  et  al  (1964)  is  approximately  equivalent  to  a  blood  saturation 
of  5,  carboxyhaemoglobin.  Stewart  (1976)  states  that  saturation  levels 
below  15%  generally  do  not  result  in  symptoms  of  overt  intoxication. 
The  acute  effects  are  related  to  saturation  levels'  in  his  paper  and  are 
shown  in  table  1/5.  There  is  some  controversy  regarding  the  potential 
effects  of  repeated  exposures  to  low  and  moderate  concentrations  (below 
TLV).  The  primary  effects  of  exposure  to  the  gas  result  from  hypoxic 
I  stress  secondary  to  the  reduction  in  the  oxygen  carrying  capacity  of  the 
blood.  Healthy  subjects  immediately  compensate  by  increasing  cardiac 
output  and  flow  to  critical  organs.  Those  with  advanced  cardiovascular 
disease  may  not  be  able  to  compensate  adequately  (Ayers  et  alp  1969)  and 
therefore  they  are  at  special  risk.  Formation  of  arteriosclerotic  lesions 
is  accelerated  by  chronic  exposure  to  moderately  low  levels  causing  less 
than  20x6  COHb  which  also  cause  damage  to  the  myocardium  (Ayres  et  alp  1970. 
E 
Coburn,  1970.,  Astrup,  1972.,  Kjeldson  et  al,  1972.,  Knelson,  1972). 
-  106  - DeKretser  and  his  colleagues  (1964)  examined  the  breathing  zone  concen- 
trations  of  carbon  monoxide  and  blood  saturation  of  carboxyiiaeroglobin 
in  welders  using  a  CO2  shielded  process.  The  breathing  zone  levels  were 
up  to  70  PPM,  20  ppm  in  excess  of  the  TLV  and  there  were  excessive  levels 
of  carboxyhae1oglob  in.  There  was  no  correlation  between  symptoms  and 
carboxyhaemoblobin  levels  until  20%  saturation  was  reached,  the  two  men 
with  this  level  experiencing  excessive  fatigue.  Hayd  (1974)  reported 
potentially  fatal  atmospheric  concentrations  in  parts  of  a  boiler  after 
welding  within  it. 
TABLE  l  V5,  Human  response  to  various  concentrations  of  carboxyhaemoglobin 
Blood 
Saturation 
%  COHb 
Response  of 
Healthy  Adult* 
Response  of  Patient  ill 
with  severe  Heart-Disease 
0.3-0.7  Normal  range  due  to  endogenous 
CO  production.  No  known 
detrimental  effect 
1-5  Selective  increase  in  blood  Patient  with  advanced  cardio- 
flow  to  certain  vital  organs  vascular  disease  may  lack 
to  compensate  for  reduction  sufficient  cardiac  reserve 
in  oxygen  carrying  capacity  to  compensate. 
of  the  blood. 
5-9  Visual  light  threshold  Less  exertion  required  to 
increased  induce  chest  pain  in 
patients  with  angina 
pectoris 
16-20  Headache,  visual  evoked  May  be  lethal  for  patients 
response  abnormal  with  severely  compromised 
cardiac  function. 
20-30  Throbbing  headache,  nausea, 
fine  manual  dexterity 
abnormal 
30-40  Severe  headache,  nausea  and 
vomiting,  syncope. 
50  Coma,  convulsions 
67-60  Lethal  if  not  treated 
*Exposure  to  CO  in  concentrations  in  excess  of  50,000  ppm  can  result  in 
a  fatal  cardiac  arrhythmia  and  death  before  the  carboxyhaemoglobin- 
￿  saturation  is  significantly  elevated. 
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107- It  is  pertinent  to  note  that  tobacco-smokers  have  a  high  exposure  to 
carbon  monoxide  (Public  Health  Service,  1968.,  Cohen,  1971.,  Stewart, 
1976)  the  majority  of  those  smoking  20/day  having  COHb  of  5-6% 
saturation  and  those  smoking  40/day  as  high  as  7-9%  saturation. 
Sedentary  workers  accumulate  more  COHb  than  those  involved  in  physical 
exertion  (Hawkins  et  al,  1976)..  This  is  additive  to  that  resulting  from 
any  other  exogenous  sources.  Smokers  have  a  high  prevalence  of  atheroma 
(Wald  et  al,  1973)  and  an  increased  risk  for  coronary  heart  disease 
(Kannel  and  Gordon,  1970),  primarily  for  sudden  death  rather  than  angina 
(Doyle  et  all  1964). 
4.4.4  Phoc.  Eene_ 
Phosgene  is  a  colourless  gas  which  is  heavier  than  air.  In  dilute  concen- 
trations  it  has  a  smell  similar  to  new  mown  hay  but  this  becomes  more 
pungent  at  higher  concentrations.  It  has  a  metallic  taste.  The  TLV  is 
0.1  ppm.  At  concentrations  of  1-3  ppm  it  is  irritant  to  the  eyes,  4-5  ppm 
causes  irritation  of  the  nose  and  respiratory  tract,  over  10  ppm  causes 
serious  lung  irritation  which  if  the  exposure  is  10  ppm  for  30  minutes-or 
20  ppm  for  5  minutes  may  be  fatal  (Zielbus,  1970).  There  may  be  a  latent 
period  of  up  to  2  hours  between  initial  irritation  and  the  onset  of  cough 
"and  dyspnoea  even  in  massive  overdoses  (Everett  and  Overholt,  1968). 
When  inhaled  phosgene  is  slowly  hydrolysed  to  hydrochloric  acid  and  carbon 
r  dioxide  in  2-24  hours.  The  hydrochloric  acid  induces  local  irritation, 
massive  pulmonary  oedema,  decreased  plasma  volume  and  hypoxia,  shock, 
cardiac  failure  and  death  in  severe  cases.  The  accumulated  CO2  induces 
reflex  vasoconstriction  which  contributes  to  pulmonary  oedema  (Everett 
and  Overholt,  1968).  The  primary  disturbance  is  increased  capillary 
permeability  resulting  in  large  shifts  of  body  fluid  (Collumbine,  1954). 
There  is  a  patchy  sloughing  of  bronchiolar  mucosa,  'some  bronchioles 
becoming  plugged.  There  is  some  dispute  as  to  whether  bronchiolar 
constriction  occurs.  After  a  short  time  peri-bronchiolar  and  perivascular, oedema  are  followed  by  intra-alveolar  oedema.  If  this  stage  is  survived 
recovery  is  usually  complete  and  lung  sequelae  are  rare  (Seidelin,  1961). 
4.4.5  Fluorides 
It  will  be  recalled  -that  fume  from  low  hydrogen  or  basic  electrodes  is 
rich  in  fluorides.  Up  to  half  of  that  fluoride  fume  is  soluble  (Frant, 
1971)  and  irritant  to  mucus  membranes.  Welders  dislike  it  (see  4.3.1). 
The  fluorides  are  absorbed  quickly  by  the  respiratory  system  (Collings  et 
all  1951),  and  the  gastrointestinal  tract(Hennon  et  all  1969).  They  are 
rapidly  eliminated  in  the  urine  (Granjon,  1971)  so  that  the  input-output 
balance  is  quite  quickly  established.  Estimation  of  fluoride  in  urine 
iay  be  a  useful  exposure  monitoring  test  (Pantucek,  1975)  but  individual 
variation,  short  term  accumulation  in  lung  tissue  (Byczhowski  et  al,  1970) 
^esulting  in  a  variable  lag  between  exposure  and  excretion  and  the  need 
for  21f  hour  urine  samples  weigh  against  this. 
Chronic  disabling  fluorosis  was  first  described  by  Mq(ller  and  Gudjonsson 
in  1932  and  more  fully  investigated  by  Roholm  (1937).  Following  long  term 
over  exposure  the  principal  features  are  osteosclerosis  especially  of  long 
bones,  exostoses  and  calcification  of  ligaments.  Fluorides  may  be  excreted 
in  the  urine  in  high  concentrations  for  a  long  time  after  exposure  (Collings 
et  all  1952),  the  fluoride  level  decreasing  with  time  (Zipkin  et  all  1956). 
Short  term  accumulation  can  take  place  in  the  lungs.  Most  reports  are 
concerned  with  inorganic  fluorides  inhaled  as  particulates  ar_d  gaseous 
,  form  (Hodge  and  Smith,  1977)  as  when  fluoride  is  inhaled  from  an  electrode 
of  flux  during  welding  but  Challen  (1976)  considers  that  the  exposure  to 
fluoride:  experienced  by  welders  has  not  caused  fluorosis  and  indeed 
Pantucek  (1975)  found  no  adverse  effects  in  welders  with  excessive  levels 
of  fluorides  in  their  urine.  He  postulated  that  this  may  be  due  to  the 
existence  of  a  ferrous  complex  compound  of  -fluoride  with  a  reduced  biological 
-activity. 
r 
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Manganese  compounds  can  produce  respiratory  and  central  nervous  disease 
in  man  and  laboratory  animals.  Davies  (1946)  reported  that  the  incidence 
of  pneumonia  in  miners  exposed  to  manganese  ore  dust  was  2.6%  compared  to 
0.07%  in  a  control  group  of  non-miners  and  Davies  and  Harding  (1949)  that 
manganese  dioxide  dust  in  respirable  particle  size  can  cause  pneumonitis 
in  man  and  rats.  Bronchopneumonia  has  been  reported  in  rabbits  who 
inhaled  manganese  dust  in  combination  with  pneumococci  types  I  and  II 
(Jotten,  1944)  while  more  recently  (Zaidi  et  al.  1973)  intratracheal 
injection  of  manganese  dust  in  combination  with  Candida  albicans  was  found 
to  hasten  the  development  of  mature  lesions  and  fibrosis  in  lungs  of 
guinea  pigs.  Maigetter  and  his  colleagues  (1976)  found  that  manganese 
dioxide  aerosol  potentiated  the  effects  of  Klebsiella  pneumonia  and 
influenza  virus  in  mice. 
Phagocytic  activity  of  alveolar  macrophages  plays  an  important  role  in 
protecting  against  bacterial  respiratory  infections.  Waters  at  al,  (1975) 
reported  that,  in  an  in.  vitro  system  manganese  dioxide  reduces  both  the 
number  and  viability  of  alveolar  macrophages  while  Graham  et  al  (1975) 
have  shown  that  Mn02  impairs  phagocytic  activity  of  these  cells.  Thus 
the  cytotoxic  effects  of  MnO 
2  on  alveolar  macrophages  could  contribute 
to  the  increased  mortality  due  to  bacterial  pneumonia  reported  by  t"taigetter 
et  al,  1976.,  who  suggest  that  other  immune  mechanisms  may  also  be 
adversely  affected  by  Mn02.  There  may  be  a  synergistic  relationship 
between  smoking  and  manganese  exposure  relating  to  respiratory  symptoms 
(Säric  and  Lucic-Palaic,  1975.,  Saric 
at  all  1977). 
"  Most  cases  of  manganese  central  nervous  system  poisoning  have  occured  in 
manganese  mines,  ore  crushing  and  processing  plants  and  in  steel  plants. 
The  most  important  route  of  entry  is  the  respiratory  trac  9  the  manganese 
then  being  absorbed  into  the  circulation  from  the  lungs  to  affect  the 
extra-pyramidal  tract  at  the  base  of  the  brain  And  upper  spinal  cord 
110  - (Penalver,  1955).  The  signs  and  symptoms  are  well  documented  (Public 
Health  Service,  1940.1  Penalver,  1955.,  Schuler  et  al,  1957.,  Whitlock, 
u 
1966).  Severity  is  not  directly  related  to  level  of  exposure  (Saric 
et  al,  1977). 
No  reports  of  manganese  related  disease  in  welders  have  been  found  in 
the  literature.. 
4.4.7  Cadmium 
4.4.7.1  Cadmium  fumes  are  highly  toxic,  exposure  for  an  hour  to  an 
average  concentration  of  about  25  mg/m3  of  an  arc-produced  fume  or  50  mg1rJ 
from  other  sources  may  have  fatal  consequences  (Browning,  1966). 
Fulkerson  and  Goeller  (1973)  considered  that  inhalation  of  40  mg  of 
cadmium  oxide  is  generally  fatal  while  Barrett  and  Card  (1947)  and 
Barrett  et  al  (1947)  calculated  that  2,500  to  2,900  minute  -  mg/m3  was 
fatal  (respiratory  minute  volume  =  15L/min  for  light  work).  Beton  et  al 
(1966)  confirmed  that  this  is  of  the  right  order  of  magnitude.  The 
Threshold  Limit  Value  is  0.1  mg/m3. 
Cadmium  and  its  salts  are  more  easily  absorbed  after  inhalation  than 
ingestion.  About  4-7%  of  a  dose  is  absorbed  from  the  gut  in  contrast 
to  10-40%  from  the  lungs  (Richmond  et  al,  1966.,  Rahola  et  al,  1970, 
Kitamura,  1971.,  Ruhumaki,  1972)  the  percentage  varying  with  chemical  form 
and  solubility,  particle  size  and  site  of  deposition  within  the  lungs 
. 
(Potts  et  al,  1950.,  Natusch  et  al,  1971+.,  Koshi  et  al,  1975).  About 
half  of  inhaled  particles  are  trapped  in  bronchiolar  mucus  which  should 
be  swept  up  into  the  pharynx  by  ciliary  action  and  swallowed  (Fulkersoft  and 
Goeller,  1973)  but  the  efficiency  of  this  system  may  be  reduced  as  cadmium 
inhibits  normal  mucociliary  function  (Adalis  et  alp  1977).  In  the  alveolar 
region  the  prime  responsibility  for  clearing  the  body  of  inhaled  substances 
is  that  of  alveolar  macrophages  (Green  and  Kass,  1964.,  Kim  et  al,  1976). 
-  111.  _ In  vitro  studies  have  shown  that  cadmium  reduces  the  number  of  viable 
alveolar  macrophages  and  their  phagocytic  activity  (Koshi  and  Sakabe, 
1974.,  Graham  et  all  1975.,  Waters  et  all  1975).  Any  impairment  in  the 
functioning  of  these  cells  increases  the  retention  of  inhaled  cadmium 
and,  as  shown  in  experimental  animals  (Gardner  et  al,  1977),  may  render 
the  host  more  susceptible  to  inhaled  infectious  agents  (this  has  not  been 
confirmed  by  epidemiological  studies).  In  studies  of  retention  of  inhaled 
cadmium  in  various  species  of  animals  Barrett  et  al  (1947)  found  that  11% 
of  the  dose  was  retained  with  no  detectable  decrease  over  several  weeks. 
Kaplan  and  his  colleagues  (1973)  found  similar  rates  in  rats.  Retention 
in  man  has  not  been  determined  but  Barret  and  his  co-workers  postulate 
that  11%  is  applicable  in  man. 
Cadmium  is  probably  transported  in  the  blood  by  metallothionen,  a  protein 
(Kägi  and  Valee,  1961)  and  accumulates  in  liver,  kidneys,  pancreas,  testes 
and  hair  (Parizek  and  Zahor,  1956.,  Cameron  and  Foster,  1963.,  Akelson  and 
Piscator,  1966.,  Piscator  and  Axelson,  1970.,  Knypl  et  all  1971.,  Morgan  and 
Burch,  1971.,  Lewis  et  al,  1972.,  Morgan,  1972.,  Sangalang  and  O'Halloran, 
1972.,  Hirst  et  al,  1973.,  Friberg  et  al,  1974.,  Oleru,  1976)  due  to  the 
ability  of  these  organs  to  form  metalloprotein  complexes  with  cadmium. 
The  sulphurhydryl  group  of  proteins  are  usually  the  target  sites  for  cadmium 
in  metalloprotein  formation  (Jocelyn,  1972.,  Vallee  and  Ulmer,  1972).  Lung 
collagen  and  elastin  consist  of  amino  acids  lacking  in  sulphurhydryl  groups 
and  thus  the  lung  is  an  unlikely  site  for  cadmium  accumulation  (Oleru,  1975). 
This  view  is  strengthened  by  another  study'by  Oleru  (1976)  in  which  it  was 
1 
found  that  among  kidney,  liver,  hair  and  lung,  lung  tissue  had  the  lowest 
cadmium  levels. 
The  induction  of  retalloproteins  is  considered  to  be  a  protective 
mechanism  in  mammals  against  the  toxic  cadmium  ion.  Pre-treatment  of 
rats  with  low  doses  of  cadmium  induces  the  synthesis  of  metallo-protein 
-  112- and  protects  against  exposure  to  otherwise  lethal  doses  (Terhaar  et  al, 
1965.,  Gabbiani  et  all  1967.,  Yoshikawa,  1970)  and  there  is  good 
correlation  between  cadmium  resistance  and  the  appearance  of  cadmium 
binding  protein  in  cultured  human  skin  epithelial  cells  (Rugstad  and 
Norseth,  1975).  The  role  of  the  metalloproteins  is  not  known  -  the 
development  of  tolerance  raises  the  possibility  of  an  immunological 
response  (Jones  et  al,  1971)  and  as  tolerance  can  be  induced  by 
preliminary  dosage  with  mercury,  indium  or  manganese,  it  is  unlikely 
that  it  is  due  to  increased  metallothionen  (Yoshikawa  and  Suzuki,  1971). 
Immunglobulins  are  excreted  in  the  urine  in  cadmium  induced  proteinuria 
(Vigliana,  1969). 
4.4.7.2  Acute  intoxication 
Acute  cadmium  poisoning  by  inhalation  of  cadmium,  in  this  case  the 
carbonate,  was  first  recognised  by  Sovet  (1858).  In  1920  Stephens 
reported  several  cases  ani  Prodam  reviewed  existing  evidence  on  the 
action  of  cadmium  on  the  lungs  and  other.  organs  in  1932.  The  relative 
rarity  of  acute  poisoning  is  demonstrated  by  a  series  of  reviews. 
Between  1858  and  1945  there  were  64  reported  cases  in  the  literature  of 
whom  10  died  (Huck,  1947).  By  1947,59  cases,  with  15%  mortality,  had 
been  reported  in  the  literature  (Fairhall,  1946),  Smith  and  his  colleagues 
(1960)  found  90  cases  with  15  fatalities  while  fifteen  years  later  Buell 
(1975)  reported  that  the  literature  contained  at  least  75  cases  including 
10  fatalities. 
All  these  cases  have  involved  heating  of  cadmium  metal  or  its  alloys, 
often  unsuspectingly.  Many  victims  have  been  welders  (Huck,  191f7., 
Christensen  and  Olsen,  1957.,  Evans,  1960.,  Lamy  et  al,  1963.,  Patwordham 
,  and  F'inckh,  1976.,  Anthony,  1978)  while  other  authors  have  commented  upon 
r 
the  danger  to  welders.  (Heully  et  al,  1963.,.  Blejer,  1966.,  Frant,  1971). 
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There  appear  to  have  been  fewer  cases  in  recent  years.  In  1966,  Beton 
and  his  colleagues  described  five  cases  of  acute  cadmium  poisoning 
with  one  death  from  pneumonitis,  pulmonary  oedema  and  renal  cortical 
necrosis  and  pulmonary  oedema  and  collapse  in  the  other  four.  These 
men  had  been  in  a  confined  space  in  which  cadmium  plated  bolts  were 
cut  with  an  oxy-acetylene  torch  during  a  five  hour  period.  They  did 
not  know  of  the  cadmium  plating  nor  of  its'dangers.  Winston  (1971) 
reported  the  death  of  a  plumber  from  acute  cadmium  pneumonitis  who 
had  brazed  for  20  minutes  in  an  unventilated  space  using  a  solder 
containing  24-26%  cadmium.  Patwardham  and  Finekh  (1976)  reported  a 
fatal  case  in  a  man  who  had  welded  cadmium  plated  drums  without  taking 
any  precautions  against  inhaling  the  fume.  Zavon  and  Douglass  (1970) 
reported  2  cases  of  pneumonitis,  one  fatal  due  to  exposure  to  CdO 
exceeding  38  mg/m3. 
The  immediate  injury  occurs  in  the  respiratory  tract  the  victims 
complaining  of  throat  irritation,  cheat  pain,  cough  and  dyspnoca  and 
in  some  cases  headache,  nausea,  vomiting,  chills,  weakness  and  diarrhoea 
(Spolyar  et  al,  1944).  Death  is  due  to  pneumonitis  and  pulmonary  oedema. 
Beton  et  al  (1966)  studied  the  main  symptoms  of  cases  reported  in  the 
literature  and  divided  these  into  a.  during  exposure,  b.  stage  of 
irritation  4-10  hours  from  the  start  of  exposure  during  whi^.  h  the  symptoms 
are  similar  to  metal  fume  fever  and  c,  stage  of  pulmonary  reaction  when 
there  is  frequently  severe  dyspnoea,  wheezing,  chest  pain  and  tightness, 
persistent  cough  and  general  malaise.  The  onset  of  these  symptoms  may. 
begin  8  hours  to  7  days  after  exposure  (Blejer,  1966). 
The  pulmonary  changes  have  been  described,  in  man  (Bulmer  et  al,  1938.,  Paterson'' 
-  1947.,  Christensen  and  Olsen,  1957.,  Beton  et  al, 
r1966., 
Townshend,  1968)  and  yO 
animals  (Paterson,  1947.,  Strauss  et  al,  1976).  Paterson  showed  that 
-  114"- there  were  three  pathological  stages  in  the  rat;  pulmonary  oedema, 
proliferative  interstitial  pneumonitis  and  then  permanent  lung  damage 
with  perivascular  and  peribronchial  fibrosis  while  Strauss  et  al  (1976) 
described  the  det9il  of  epithelial  damage  which  they  likened  to  that 
caused  by  nitrogen  dioxide  or  ozone.  Other  workers  have  induced 
permanent  emphysema-like  damage  in  animals  by  intratrachael 
instillation  or.  inhalation  of  an  aerosol  (Harrison  et  al,  1947., 
-Friberg,  1952.,  Thuribeck  and  Foley,  1963.,  Snider  et  al,  1973., 
Hayes  et  al,  1976).  The  first  two  stages  have  been  reported  in  man 
without  any  permanent  damage  in  survivors.  Hayes  and  his  colleagues 
(1976)  have  studied  the  biochemical  response  to  cadmium  aerosol  and 
suggest  explanations  for  the  initiation  of  the  proliferative  phase. 
4.4.7.3  Chronic  overexPosure_ 
Health  effects  among  workers  with  long  term  exposure  to  cadmium  in  air 
have  been  considered  to  be  emphysema  and  renal  dysfunction  and,  in  rare 
cases,  osteomalacia  which  has  been  reported  by  Nicaud  et  al  (1942), 
Gervais  and  Delpech  (1963).  and  Adams  et  Q.  (1960,  ).  The  syndrome  of 
osteomalacia,  rroteinuria  and  glycasuria  (Itai-itai  disease)  is  related 
to  environmental  exposure  to  cadmium  (Nakagawa,  1960.,  Ishizaki,.  1969., 
Shiroishi  et  all  1972.,  Friberg  et  all  1974.,  Kajikawa,  1974). 
In  1920  Stephens  reported  his  suspicions  that  chronic  ill-health,  which 
,.,., 
included  recurrent  bronchitis,  in  workers  in  a  zinc  spelter  was  due  to 
-cadmium  inhalation.  There  is  no  further  mention  of  this  in  the  literature 
until  Mancioli  (1940)  described  nasal  and  nasopharyngeal  ulceration  in 
men  employed  in  cadmium  electroplating.  (The  description  of  the  lesions 
so  resemble  chrome  ulceration  that  it  must  be  suspected  that  chromium 
plating  was  also  undertaken).  Nicaud  and  his  colleagues  (1942)  concluded 
that  cadmium  was  not  responsible  for  chronic  bronchitis  and  emphysema  in 
alkaline  battery  workers  and  Princi  (1947)  found  no  adverse  effects  from 
-  115 exposure  to  atmospheric  concentrations  as  high  as  31.3  mg/a3  (though 
with  the  high  urinary  cadmium  levels  recorded  it  is  unlikely  that  renal 
disease  was  absent).  Hardy  and  Skinner  (194?  )  suspected-  that  chronic 
cough  and  gastro-intestinal  symptoms  in  a  group  of  men  exposed  to  cadmium 
were  attributable  to  that  exposure  and  Badder  (1952)  attributed  the  high 
incidence  of  emphysema  in  his  alkaline  accumulator  factory  workers  to 
their  exposure  to  cadmium.  Friberg  (1948,1950)  came  to  the  sane 
conclusion  with  a  different  set  of  such  workers  and.  found  (Friberg  and 
Nystrom,  1952)  that  the  prognosis  was  good  if  further  exposure  was 
avoided.  Lane  and  Campbell  (1954)  reported  two  cases  of  cadmium  induced 
emphysema.  The  major  studies  establishing  this  relationship  were  of  men 
involved  in  casting  cadmium  containing  alloys  (Bonnell,  1955",  Kazantzis, 
1956.,  Bonnell  et  al,  1959).  From  these  studies  it  was  claimed  that 
chronic  exposure  to  cadmium  caused  emphysema  and  further,  and  in  contrast 
to  Friberg's  studies,  that  the  disease  could  manifest  even  after  exposure 
ceased. 
These  conclusions  have  not  been  accepted  universally  as  there  are  quite 
serious  deficiencies  in  the  experimental  design  and  in  the  logic  of  the 
conclusions  (Lancet,  1973",  Stanescu  et  al,  1977).  Alternative  explanations 
and  contradictory  evidence  have  been  brought  forward. 
Tobacco  smoking  is  known  to  predispose  to  emphysema  (Nandji  et  al,  1969) 
-  but  was  not  considered  in  any  of  the  studies.  Cigarettes  contain  low  or 
trace  amounts,  about  I  ug  per  cigarette,  and  about  15%  is  inhaled  so  that 
2-4  ug  could  be  absorbed  from  a  packet  of  cigarettes  but  it  is  unlikely 
that  this  should  be  a  principal  cause  of  smoking  related  emphysema.  Hirst 
and  colleagues  (1973)  suggested  that  the  excess  cadmium  found  in  the  lungs 
of  emphysematous  subjects  represented  a  marker  for  the  cigarette  smoke  they 
-  had  inhaled  and  Lewis  and  his  co-workers  (1972)  endorsed  this  view. 
116 The  findings  of  studies  supporting  the  hypothesis  of  emphysema  induced 
by  long  exposure  to  levels  below  those  causing  acute  poisoning  are 
weakened  further  in  that  many  of  the  men  had  had  at  least  one  acute 
over-exposure,  emphysema  was  not  defined  precisely,  no  account  was 
taken  of  age  related  changes  in  lung  function,  in  some  cases  the  diagnosis 
was  made  in  the  face  of  conflicting  lung  function  results  and  lastly  that 
some  workers  with  long  exposure  did  not  develop  emphysema.  This  last 
point  could  be  explained  by  some  personal  "immunity"  as  seen  in  asbestos 
related  parenchymal  fibrosis  where  one  man  in  a  close  knit  and  thus 
presumably  similarly  exposed  group  may  be  spared  (personal  observation). 
Lauwerys  and  co-workers  (1974)  avoided  these  errors  in  a  study  of  lung 
function  in  cadmium  workers  and  rather  than  finding  emphysema  found  that 
the  most  highly  exposed  workers  had  a  mild  restrictive  ventilatory  defect 
which  was  not  diagnostic  of  a  specific  disease  process:  In  a  small  but 
similarly  well  planned  study  Smith  and  his  colleagues  (1976)  found  evidence 
(pulmonary  function,  chest  radiograph)  of  a  mild  fibrotic  reaction 
associated  with  exposure  to  freshly  generated  cadmium  fume.  There  was  a 
dose-response  relationship  between  reduced  PVC  (relative  to  predicted) 
and  both  urinary  cadmium  and  months  of  work  in  the  cadmium  fume  area. 
Chest  x-rays  showed  mild  to  moderate  fibrosis  in  a  third  of  cadmium 
exposed  men.  These  findings  were  in  keeping  with  views  previously 
expressed  by  Morgan  and  Seaton  (1975)  and  by  Bates  and  associates  (1971). 
The  pathological  basis  for  this  fibrosis  has  not  been  explained.  Stanescu 
and  his  colleagues  (1977)  found  no  radiological  nor  lung  function  study 
evidence  of  emphysema  in  a  group  of  cadmium  workers  exposed  for  an 
average  of  32  years  to  fume  levels  above  accepted  safe  limits. 
4- 
-  117  - Chowdbury  and  Louria  (1976)  reported  that  in  vitro  cadmium  decreases 
the0Gý  -  antitrypsin  content  of  human  plasma  and  its  trypsin  inhibitory 
capacity  and  suggested  that  this  may  be  an  explanation  for  emphysema  in 
cadmium  exposed  workers.  Stanescu  et  al  (1977)  could  not  corroborate 
these  findings  and  Bernard  et  al  (1977)  found  no  decrease  in  0c1  - 
antitrypsin  and  trypsin  inhibitory  capacity  in  the  peripheral  blood  of 
workers  with  chronic  cadmium  intoxication. 
Several  animal  studies  have  been  carried  out  (Harrison  et  al,  1947., 
Friberg,  1952.,  Thurlbeck  and  Foley,  1963.,  Snider  et  all  1973)  and 
emphysema  like  lesions  teere  produced  by  acute  doses  of  cadmium  but  the 
writers  concluded  that  they  were  equivalent  to  the  effects  of  years  of 
human  exposure.  These  studies  support  the  view  that  emphysema  is  a 
possible  sequala  of  acute  poisoning,  but  not  necessarily  chronic  overexrosure. 
There  is  no  dispute  about  the  adverse  effects  of  cadmium  on  renal  function. 
Low  molecular  weight  proteinuria  was  first  reported  in  men  exposed  to 
cadmium  dust  (Friberg,  1948)  then  in  those  exposed  to  fume  and  in 
experimental  animals  (Friberg,  1950.,  Bonnell,  1955",  Smith  and  Kench, 
1957).  Later  reports  include  cadmium  pigment  workers  (Kazantzis  et  all, 
1963).  It  may  develop  (Bonnell  et  al,  1959)  or  persist  (Friberg  and 
Nystrom,  1953)  after  cadmium  exposure  has  ceased  depending  on  the  severity 
of  exposure  (Tsuchiya,  1976)  Some  with  no  proteinuria  detectable 
by  trichloracetic  acid  or  sulphosälicylic  acid  maybe  found  to  have 
raised  urinary  B2  -  microglobulin  levels  if  this  is  sought  specifically. 
It  is  generally  agreed  that  increased  urinary  excretion  of  low  molecular 
weight  proteins  is  the  earliest  specific  sign  of  renal  tubular  impairment 
resulting  from  cadmium  e  'po  ire  (Petersen  and  Bergghard,  1971.,  Evrin, 
1973.,  Nomiyama  et  al,,  1973). 
. 
-  118-- The  cadmium  transported  to  the  kidney  is  bound  to  other  proteins  and 
may  replace  zinc  in  enzymes  accumulating  in  and  damaging  tubular 
epithelial  cells  (Friberg  and  Odelblad,  1957,  Gunn  and  Gould,  1957) 
and  inhibiting  or  preventing  tubular  resorption  (Piscator,  1966).  Low 
molecular  weight  protein  appears  in  the  urine  when  stored  cadmium  rises 
above  about  200  micrograms  per  gramme  wet  weight  of  kidney  cortex 
(Piscator,  1970)  and  consists  of  B2  -  microglobulin  and  retinol  binding 
protein 
(Peterson  and  Berggard,  1971.9  Kanai  et  al,  1971). 
The  routine  monitoring  of  cadmium  workers  is  usually  to  detect  low 
molecular  weight  proteinuria  by  chemical  means.  This  could  be  considered 
to  be  unsatisfactory  as  tubular  damage  will  already  have  occurred  albeit 
potentially  reversible  damage.  B2  -  microglobulin  analysis  with  radio- 
immunoassay  is  quantitative  and  a  more  sensitive  indicator  of  tubular 
proteinuria  (Shiroishi  et  al,  1977).  Lehnert  and  co-workers  (1969) 
consider  that  detection  of  cadmium  in  urine  using  atomic  absorption  spectrometry 
would  detect  overabsorption  before  tubular  damage  had  occurred  but  Friberg 
and  his  associates  (1971)  concluded  that  urine  analysis  would  hardly  reveal 
the  presence  of  cadmium  in  the  body  except  in  the  event  of  kidney  damage. 
Blood  levels  of  cadmium  reflect  both  recent  exposure  and  body  burden 
(Friberg  et  al,  1974)  and  Colucci  and  colleagues  (1972)  consider  it  is  a 
better  index  than  urinary  cadmium.  Welinder  et  al  (1977)  found  no 
correlation  between  blood  and  urine  levels.  However,  as  cadmium  turnover 
in  the  blood  is  rapid  '(Shaikh  and  Lucis,  1972)  recent  over-exposure  may 
not  be  truly  represented. 
Finally  cadmium  in  human  hair  has  statistically  significant  correlations 
with  the  level  in  the  kidney  (Oleru,  1975)  and  has  potential  as  a  measure 
of  exposure.  The  best  solution  is  to  use  the  most  sensitive  reliable 
measure  and  monitor  serial  readings  while  maintaining  a  close  watch  on 
atmospheric  concentrations.  4- 
-'119  - 4.4.8  Nickel 
Nickel  is  an  essential  trace  element  in  mammalian  metabolism.  Nickel 
containing  dusts  are  taken  up  by  lung  macrophages  and  can  bind  to 
proteins  thus  becoming  incorporated  in  lung  tissue. 
The  most  important  clinical  problem  related  to  nickel  is  allergy  and 
dermatitis  to  which  approximately  10%  of  the  general  population  are  at 
risk.  After  sensitisation  some  individuals  react  upon  further  exposure 
to  minute  amounts  of  the  material. 
Metallic  nickel,  its  oxides  and  sulphides  and  nickel  carbonyl,  a  gas 
produced  by  the  reaction  of  nickel  particles  and  carbon  monoxide  and 
released  during  the  calcining  stage  of  nickel  refining,  are  experimental 
carcinogens  (Sunderman,  1973)  implying  a  cancer  risk  in  man.  It  is 
difficult  to  determine  the  quantitative  risk  of  cancer-in  man  due  to 
industrial  exposure  from  such  studies.  Epidemiological  studies  have 
shown  some  occupation  related  risks  but  there  is  no  evidence  that  welding 
is  a  high  risk  trade. 
Occupational  risks  of  nickel  related  lung  and  nasal  sinus  cancer  among 
nickel  refinery  workers  are  well  documented  (Bridge,  1933",  Hill,  1939., 
Mastromatteo,  1967.,  Pedersen  et  al,  1973.,  IARC,  1976.,  Kreyberg,  1978). 
The  evidence  suggests  that  the  risk  is  largely  confined  to  dust  released 
---  during  calcining  (Morgan,  1958.,  Doll,  1958.,  Pedersen  et  all  1973",  Doll 
et  al,  1977).  The  overall  ratio  of  observed  to  ocpected  cases  of  lung  cancer 
among  nickel  workers  varies  from  5:  1  (Do11,1958)  to  7:  1  (Pedersen  et  al,  19737' 
Lung  cancer  is  more  common  in  nickel  workers  who  smoke  than  in  those  who 
do  not  but  an  increased  risk  still  exists  in  the  latter  (Kreyberg,  1978). 
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Some  studies  of  occupational  groups  with  high  exposure  to  iron  ore  dust, 
engaged  in  smelting  ferrous  metals  Or  otherwise  working  with  hot  metal  have 
shown  that  in  these  groups  bronchogenic  carcinoma  is  an  unexpectedly 
common  cause  of  death  but  there  are  conflicting  views  as  to  the  role  of 
iron  in  the  aetiology  (Turner  and  Grace,  1938.,  Swanston,  1950.,  Wynder  and 
Graham,  1951.,  Breslow  et  all  1954.,  Levin  et  all  1955.,  McLaughlin  and 
Harding,  1956.,  Morrison,  1957.,  Monilibert  and  Roubille,  1960.,  Enterline 
and  McKiever,  1963.,  Roussell  et  all  1964.,  Boyd  et  all  1970.,  Adelstein, 
1972.,  Hirayama,  1976.,  Gibson  et  al,  1978.,  Koskela  et  all  1978",  Tola 
et  all  1979).  It  has  been  postulated  that  the  excess  incidence  in  iron 
miners  who  smoked  could  be  due  to  coincidental  exposure  to  radon  rather  than 
iron  oxides.  Koskela  et  al  (1978)  found  that  moulders  and  casters  experienced 
the  highest  risk  in  an  iron  foundry  and  Tola  et  al  (1979)  suggest  that  this 
is  due  to  exposure  to  polycyclic  aromatic  hydrocarbons. 
Several  laboratory  animal  studies  have  shown  that  the  induction  of  respiratory 
tract  tumours  by  various  chemical  carcinogens  (mainly  diethylnitrosamine) 
can  be'markedly  enhanced  by  intra-tracheal  installation  of  Fe203.  (Montesano 
and  Saffiotti,  1963.,  Saffiotti  et  al,  1968.,  Montesano,  1970.,  Feron  et  al, 
1972.,  Steinbock  at  al,  1973.,  Nettesheim  et  al,  1975a  and  b).  The  Fe203 
acts  as  a  co-carcinogen  only  at  the  site  of  maximum  accumulation,  the  alveoli. 
Zinc 
..  --The  acute  hazard  of  zinc  fume  as  a  cause  of  metal  fume  fever  has  been  described 
in  4.2.2.  Chronic  zinc  poisoning  has  not  been  reported  in  welders  and  its 
existence  as  an  occupational  disease  is  debated.  McCord  et  al  (1926)  and 
Hamdi  (1969),  consider  that  it  may  cause  gastrointestinal  symptoms  but  others 
consider  that  there  are  no  ill-effects  even  at  high  concentrations  over 
prolonged  periods. 
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There  is  virtually  no  evidence  that  particulate  metallic  copper  produces 
significant  disease  in  man  (Gleasson,  1968.,  National  Research  Council,  1977b., 
Weir,  1979)  and  copper  compounds  are  not  considered  to  be  carcinogenic. 
Inhalation  of  freshly  formed  copper  fume  may  cause  metal  fume  fever.  Most 
other  adverse  effects  are  related  to  copper  sulphate  and  this  and  other 
compounds  have  been  associated'  with  sneezing,  coughing,  irritation,  swelling, 
atrophy  and  ulceration  of  nasal  nucosa,  eye  irritation  and  conjunctivitis, 
dermatitis,  lichen  planus  and  interstitial  pulmonary  changes  (vineyard 
sprayers'  disease)  (Luchsinger,  1951.,  Morris,  1952.,  Stokinger,  1967., 
Saltzer  and  Wilson,  1968.,  Frykholm  et  all  1969.,  Pimentel  and  Marques,  1969., 
Walsh  and  Hoyt,  1969.,  Barranco,  1972.,  Trachtenberg,  1973",  Askergren  and 
Mellgren,  1975",  Forstrom  et  all  1977). 
4.4.12  Aluminium 
Aluminium  is  found  in  the  air  at  work  sites  during  welding  of  stainless 
steel  (Stettler  et  al,  1977)  and  aluminium.  It  has  been  noted  in  the  lung 
in  association  with  interstitial  fibrosis  (Stettler  et  al,  1977)  but  there 
are  conflicting  reports  in  the  literature  concerning  the  ability  of  aluminium 
to  cause  fibrosis.  McLaughlin  et  al  (1962)  consider  that  aluminium  dust 
causes  fibrosis  while  Gross  et  al  (1973)  found  that  aluminium  powder  does  not. 
4.4.13  Chromium 
It  has  long  been  recognised  that  chromium  salts  may  be  extremely  toxic  and 
corrosive.  Welders,  particularly  of  stainless  steel,  are  mentioned  in  the 
literature  as  suffering  chromium  induced  irritation  of  skin  and  mucous 
membranes  (Jindrichova,  1978),  allergic  sensitisation  of  skin  (Fregert  and 
Ovrum,  1963)  and  allergic  asthma  (Kalliomaki  et  al,  1977). 
The  absorption  by  workers  exposed  to  chromium  occurs  almost  exclusively 
by  respiration;  negligible  amounts  are  absorbed  through  the  skin  or  by 
-  122  - ingestion  (Chiesura  and  Bonadonna, 
"1968)-but 
there  may  be  gut  absorption 
of  chromium  passed  from  the  respiratory  tract  by  muco-ciliary  clearance. 
The  amount  and  rate  of  absorption  by  respiration  Varies  greatly  depending 
on  the  physiochemical  state  of  the  particles  and  in  relation  to  the 
conditions  of  the  bronchial  mucous  and  alveolar  membranes  (Morrow  et  al, 
1968.,  Sanders  et  al,  1971).  Absorbed  chromium  is  carried  by  red  blood 
cells  and  plasma  proteins.  Hexavalent  chromium  shows  a  marked  diffusibility 
through  cell  membranes  and  in  the  red  blood  cells  it  combines  with  haemoglobin 
(Gray  and  Sterling,  1950).  Trivalent  chromium  is  particularly  bound  to 
siderophilin  (Hopkins  and  Schwarz,  1964).  The  fraction  of  diffusible  metal 
in  the  serum  is  of  minimal  degree  (Franchini  et  al,  1975).  That  chromium  is 
transported  by  red  blood  cells  accounts  for  its  accumulation  in  the  most 
highly  vascularised  organs  or  those  assigned  to  haemocatheresis  (Visek  etsal, 
1953)"  The  metal  is  predominantly  eliminated  through  the  urine  (Collins  et 
al,  1961).  The  chromium  filtrate  is  almost  completely  reabsorbed  at  the  tubule 
level  (Franchini  et  alp  1975).  Urinary  excretion  of  chromium  is  a  rapid 
exchange  compartment  indicator  and  thus  may  be  useful  as  a  reliable  index 
of  absorption  at  least  of  the  hexavalent  fraction,  the  urinary  concentration 
at  the  end  of  the  working  day  reflecting  the  exposure  (Mutti  et.  al,  1978). 
Franchini  et  al  (1978)  consider  that  elimination  is  not  complete  within  the 
normal  rest  period  and  this  permits  a  continuous  build-up  of  the  metal.  The 
renal  clearance  of  diffusible  chromium  rises  as  the  accumulation  of  the  metal 
increases  and  thus  the  chromium  body  burden  influences  the  post  absorptive 
rate  and  it  should  be  evaluated  by  measurement  of  urinary  excretion  of 
chromium  after  a  non-exposure  week  (Mutti  et  al,  1978).  They  consider  that, 
without  evaluating  the  degree  of  previous  exposure,  the  degree  of  recent 
exposure  is  safe  when  the  urinary  excretion  does  not  increase  significantly 
after  a  single  working  period  and  the  renal  clearance  of  diffusible  chromium 
is  not  increased  significantly  by  occupational  exposure.  The  conditions  are 
fulfilled  when  the  airborne  concentration  is  lower  than  0.01  mg/m3  as  Cr07. 
J 
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The  kidney  may  be  considered  a  critical  organ  for  chromium.  The  renal 
toxicity  of  chromium  is  due  to  its  direct  and  elective  action  on  the 
proximal  tubule  which  is  reversible;,  possibly  due  to  epithelial  repair 
(Franchini  et  al,  1978).  '  There  is  a  dose  response  relationship  between 
nephrotoxicity  and  exposure  to  hexavalent  chromium  in  high  chromium  alloy 
welders  (Mutti  et  al,  1979). 
The  most  significant  effect  of  chromium  is  its  carcinogenicity  which  is 
considered  to  be  restricted  to  hexavalent  chromium  (Baetjer,  1950a.,  NAS, 
1974.1  NIOSH,  1975)  and  affects  only  the  respiratory  tract  WAS,  1974).  Lung 
cancer  due  to  chromium  exposure  is  a  recognised  occupational  disease 
especially  in  the  ore  treatment  and  chromate  pigment  industries  (Bidstrup, 
1951.,  Mancuso  and  Hueper,  1951.,  Bidstrup  and  Case,  1956.,  Hueper,  1966., 
Ohsaki  et  al,  1978).  Carcinogenicity  has  been  confirmed  in  vitro  (Fradkin 
of  al,  1975)  and  in  animals  (Payne,  1960). 
Welding  of  stainless  steel  produces  fume  particles  which  produce  mutagenesis 
in  bacteria  as  determined  by  the  Ames  test  (Hedenstedt  et  al,  1977.,  Maxild 
et  al,  1978)  and  in  culture  cells  (Hedenstedt,  1977.,  Kashi,  1979).  In  the 
Ames  histidine  revertant  test  system  strains  of  Salmonella  typhimurum  which 
require  the  presence  of  histidine  in  the  culture  medium  for  their  growth 
and  reproduction  are  used  (Ames  et  al,  1975.,  McCann  et  al,  1975a.,  McCann 
et  alp  1975b).  If  these  bacteria  are  incorporated  in  a  culture  medium 
without  histidine,  exposed  to  a  suspected  mutant  and  incubated,  the  only 
bacteria  which  will  produce  growing  colonies  are  either  the  spontaneous 
mutants  (whose  number  can  be  determined  by  blank  controls)  or  chemically 
induced  mutants.  The  Ames  test  haz  been  shown  to  give  positive  results 
for  80-90%  of  known  human  carcinogens  and  few  non-carcinogens  are  mutagenic 
(McCann  et  all  1975a  and  b.,  McCann  and  Ames,  1976.,  Purchase 
et  all  1976). 
Thus  the  discovery  of  mutagenicity  of  certain  welding  fumes  raises  the 
possibility  of  their  carcinogenicity. 
-  124  -- Mild  steel  welding  fumes  are  not  mutagenic  and  the  fumes  from  MMA  welding 
of  stainless  steel  are  much  more  mutagenic  than  those  produced  by  MIG 
welding.  These  findings  directed  attention  to  hexavalent.  chromium  as  the 
mutagenic  agent  (or  one  of  several)  as  it  is  not  present  in  significant 
amounts  in  mild  steel  but  is  present  in  significantly  higher  amounts  in 
MMA  stainless  steel  fume  than  in  MIG  (Hedenstedt  et  al,  1978.,  Maxild  et  al, 
1978,  Koshi,  1979).  Most  of  the  hexavalent  chromium  is  in  the  soluble  form 
(Stern,  1977a.,  Stern,  1978b)  which  is  a  proven  mutagen  (Petrilli  and 
De  Flora,  1977)  but  not  a  proven  human  carcinogen.  Indeed  in  the  chrome 
plating  industry  where  soluble  hexavalent  chromium  causes  considerable 
corrosive  problems  there  is  no  evidence  of  excess  malignancy. 
It  would  appear  however,  that  the  National  Institute  for  Occupational  Safety 
and  Health  (1975)  may  apply  exceedingly  low  TLVs  to  hexavalent  chromium 
compounds  which  have  not  been  specifically  demonstrated  to  be  non-carcinogens. 
This  action  would  cause  great  difficulties  in  the  welding  industry  as  these 
low  levels  in  the  breathing  zone  may  not  be  achievable  and  thus  everyone  at 
risk  may  have  to  wear  an  air  fed  respirator. 
Although  some  workers  have  shown  that  welders  have  an  increased  risk  of 
developing  respiratory  tract  cancer  (Dunn  et  al,  1960.,  Hueper,  1966., 
Milham,  1976.,  Menck  and  Henderson,  1976.,  Soerensen  and  Sidenius,  in 
preparation)  there  is  no  evidence  that  stainless  steel  welders  (who  have 
,  the  greatest  potential  exposure  to  chromium)  are  at  special  risk.  This 
may  be  because  this  aspect  has  not  been  studied  specifically.  Studies  are 
currently  underway  in  the  Scandinavian  countries  and  one  is  planned  in  the 
USA. 
Non-carcinogenic  hexavalent  chromium  compounds  appear  to  be  distinguished 
by  high  water  solubility  while  carcinogenic  hexavalent  chromium  compounds 
10. 
exhibit  limited  or  no  solubility  (Stern,  1977b).  This  suggests  that 
125 carcinogenicity  is  related  to  the  norphological  or  surface  properties  in 
the  solid  form  rather  than  chemical  properties.  If  this  is  true  then  there 
may  be  no  correlation  between  the  Ames  test  results  for'welding  fume 
chromium  and  human  carcinogenesis  as  the  bacterial  tests  detect  only 
chemical  mutagenesis  which  is  presumably  linked  to  'chemical  carcinogenicity. 
Tests  on  systems  which  are  biologically  more  complicated  are  required. 
Mutagenicity  affects  on  Drisophila  (Vogel  and  Sobels,  1976)  and  mice  are 
being  conducted  and  carcinogenicity  studies  on  rats  are  planned. 
An  alternative  hypothesis  is  that  the  soluble  compounds  are  cleared  quickly 
while  the  insoluble  accumulate  and  are  thus  more  available  to  exercise 
carcinogenetic"effects.  Recent  measurements  of  chromium  clearance  in  welders 
exposed  to  10  mg/m3  fume  containing  3-4%  water  sol  Cr-V1  show  that  this 
chromium  is  cleared  within  12-24  hours  (Gylseth  et  alp  1977.,  Tola  et  alp 
1977),  and  thus  they  would  be  protected  at  this  exposure  level.  However  the 
fume  also  contains  insoluble  hexavalent  chromium  particles  which  are  taken 
up  by  macrophages  in  the  lung  and  can  become  incorporated  within  the  cell 
without  any  detoxification.  Accumulation  of  such  particles  has  been 
demonstrated  (Stettler  et  al,  1977).  There  may  be  a  critical  cell 
concentration  of  a  carcinogen  for  it  to  be  effective  (Epstein,  1974.,  Cairns, 
1975",  Sorsa,  1977).  If  this  is  true  it  must  be  determined  for  insol  Cr_V1 
and  equated  to  welding  fume  exposure. 
4.14.14  Molybdenum 
Over-exposure  to  molybdenum  has  been  shown  to  cause  increased  plasma  and 
urinary  molybdenum  (Walravens  et  al,  1979),  serum  and  urinary  copper 
(Deosthale  and  Gopalan,  1974),  serum  with  acid  (Kovalskii  et  al,  1961., 
Walravens  et  all  1979)  and  serum  ceruloplasmin  (Walravens  et  al,  1979).  It 
has  been  associated  with  an  arthralgia  (Kovalskii  et'al,  1961)  but  a 
definite  causal  relationship  has  not  been  established.  There  are  no  reports 
of  molybdenum  over-exposure  in  welders. 
-'126  - "  Physical  hazards  and  injuries 
4,5,1  Electrical  safetX 
Trans  for.  *ier:  primary  circuits  are  supplied  from  the  electrical  mains  and 
while  no-load  voltages  in  manual  arc  welding  are  low  the  current  is  high. 
The  equipment  must  be  adequately  earthed,  special  care  being  taken  when 
more  than  one  welding  set  is  earthed  to  the  same  structure  and  when  other 
electrical  ecquipment  is  being  used.  Cables  should  be  in  good  condition 
, and  of  the  correct  capacity,  protected  from  touching  the  workpicce  or  the 
earth,  resistant  to  ozone  damage  and  spark  burns  and  all  joints  firm  and 
undamaged.  The  work  area  must  be  kept  tidy  and  dry.  In  confined  spaces 
apparatus  should  be  fitted  in  the  circuit  to  maintain  a  low  level  of  current 
between  arcing.  Care  must  be  taken  to  hang  the  electrode  holder  on  an 
insulated  hook  or  in  an  insulated  container  when  not  in  use. 
4.5.2  Fire  1\ 
i  any  'sr  pboard  `fires  during  maintenance  are  caused  by  welding.  Before 
starting  work  the  welder  should  determine  what  lies  behind  his  weld  site 
taking  precautions  to  remove  flammable  materials  and  protect  fittings  with 
heat  resistant  material.  He  should  enquire  about  the  presence  of  flammable 
fumes,  He  should  keep  the  work  area  tidy  and  free  of  flammable  material. 
His  assistant,  the  "fire  sentry"  is  responsible  for  ensuring  that  no  fire 
hazard  is  created.  He  should  be  equipped  with  a  fire  extinguisher  and 
alarm  and  remain  on  guard  for  at  least  an  hour  after  welding  has  ceased. 
-Oxygen 
enrichment  of  the  atmosphere  either  accidentally  through  leaking 
hoses,  valves  etc.,  or  intentionally  (and  in  most  countries  illegally)  to 
"freshen  up  the  atmosphere"  can  result  in  fires  of  disastrous  ferocity  and 
must  be  actively  prevented. 
4.5.3  Eye  injuries 
-%x}*:  ºbi,  e  to  ultrav.:  viet.  radiation  from  the  arc  can  cause  "arc  eye"  (actinic 
conjunctivitis  with  or  without  keratitis)  (Kinsey  et  al,  19+3.,  Pitts  and 
Tredici,  1976.,  Tengroth,  1976.,  McMillan,  1978).  The  exposure  is  usually 
-  127'  - quite  short  but  the.  injury  can  result  from  over-exposure  over  several 
days  as  occurred  in  the  welder  whose  filter  lens  was  too  small  for  its 
holder  leaving  gaps  through  which  radiation  passed  (Minton,  1949).  The 
welder  is  less  often  injured  by  his  own  arc  than  by  that  of  a  neighbouring 
worker.  If  he  is  working  alone  it  is  likely  that  he  did  not  bring  his 
helmet  down  before  striking  his  arc  or  was  working  in  a  situation  in 
which  the  radiation  could  be  reflected  into  his  eye.  This  is  becoming 
increasingly  common  in  the  ship  building  and  repair  industries  as 
aluminium  is  used  more  than  in  the  past.  Those  assisting  welders  and 
passers-by  are  often  injured. 
The  radiation  causes  abiotic  changes  in  the  corneal  epithelium  causing 
pain,  photophobia,  lachrymation  and'a  feeling  of  grittiness,  these 
appearing  after  a  short  interval  and  seldom  lasting  more  than  24  hours. 
Cases  are  usually  mild  and  keratitis  much  less  common  than  conjunctivitis 
alone.  Rarely  there  can  be  more  serious  injury  as  in  the  case  described 
by  Naidoff  and  Sliney,  (1974).  A  man  stared  into  an  arc  for  ten  minutes 
and  developed  actinic  conjunctivitis  and  photic  maculopathy  with  a  dense 
scotoma  and  peripheral  field  constriction.  In  six  months  he  had  normal 
visual  acuity  but-a  partially  pigmented  foveal  lesion  remained. 
While  the  injury  is  usually  mild  the  man  is  unlikely  to  be  *able  to  work 
for  the  rest  of  the  day  and  the  time  lost  throughout  industry  must  be 
large  as  the  incidence  appears  to  have  been  and  to  remain  unacceptably 
high  (Kuhn,  1944.,  Fleischner,  1947.,  Ross,  1973d.,  Tengroth,  1976). 
The  action  spectrum  of  UV  radiation  (the  intensity  of  each  wavelength 
necessary  to  produce  a  response)  is  known  and  welding  irradiance  levels 
have  been  studied  in  detail  (Ferry,  1954.,  Emmett  and  Horstman,  1976., 
Horstman  et  al,  1976.,  Ingram  and  Horstman,  1977.,  Marshall  et  al,  1977). 
Many  variables  act  simultaneously  on  the  level  and  spectrum  of  the 
d. 
-  128  - radiat.  inn  which  fluctuates  from  second  to  second  as  the  welder  works. 
])jission  increases  with  increasel  amperage  and  reduced  fume  and  gas 
especially  ozonet  and  decreases  as  the  electrode  is  consumed.  Increasing 
the  temperature  of  the  arc  moves  the  spectrum  towards  the  shorter 
wavelengths.  Radiation  emission  varies  with  process  being  some  10-12 
;.  i*8es"h"Sher.  -with  inert  gas  welding  than  with  heavily  coated  electrodes. 
There  is  little  or  no  radiation  from  submerged  arc  welding.  There  may 
r;  3-,  idua1  or  racial  variation  in  susceptibility  (Gulvady,  1976). 
The  welder's  eyes  are  protected  by  a  filter  lens  held  in  a  helmet  or  hand 
_heliL&i  .  eld.  The  helmet  should  conform  to  British  or  National  Standards 
and  be  compatible  with  other  items  of  protective  clothing;  the  latter  is 
seldom  achieved  if  a  respirator  or  ear  defenders  must  be  worn.  Filter 
lenses  are  red  or  green  varying  in  darkness  depending  on  the  anticipated 
intensity  of  emission  (British  Standard  679,  ANSI  Z87).  These  lenses  are 
. so.  -opaque  that  in  many  work  sites  which  are  poorly  illuminated  the  welder 
cannot  see  the  start  point  of  the  weld  run  if  the  helmet  is  in  place  and 
therefore  he  places  himself  -at  risk  by  striking  the  arc  before  putting  the 
helmet  and  filter  lens  over  his  eyes.  Tengroth  (1976)  describes  a  lens 
material  .  ich-can  ka  seen  through  under  work-site  illumination  and  also 
gives  100%  protection  against  radiation.  He  considers  that  the  existing 
coloured  lenses  have  unnecessarily  high  safety  factors. 
,  Doig  and  Duguid  (1951)  and  Ross  (1973d)  reported  that  the  incidence  of 
w 
-.  arc  eye  decreases  with  increasing  age,  attributing  this  to  the  older  men 
taking  more  care.  However  Ross  remarks  that  no  welder  who  wore  prescription 
or  safety  glasses  readily  suffered.  As  it  has  been  shown  that  these  clear 
lenses  afford  significant..  arotection  (Horstman  and  Ingram,  1979)  and  it 
,.  mould  be  expected  that  a  higher  proportion  of  the  older  men  wore  prescription 
ý,  }cLýeý  ýtfie  writer  considers  that  this,  rather  than  increased  care  could 
r 
be  the  differentiating  factor.  Protection  afforded  by  clear  safety  spectacles 
-  129,  - Ls  increased  if  side  shields  (not  wire  gauze  nor  perforated)  are  fitted 
as  this  prevents  radiation  striking  the  cornea  directly  or  on  reflection 
from  the  inner  portion  of  the  lens.  Such  protection  is  probably  sufficient 
for  the  passer  by  but  not  for  the  welder.  An  American  Criteria  Document 
(US  Dept  of  Health,  Education  and  Welfare,  1972)  suggests  maximum  exposure 
times  for  protection.  By  using  these  irradiance  values  and  dividing  them 
by  measured  emissions  at  the  worksite  a  series  of  maximum  allowable 
transmission  values  for  protective  lenses  can  be  defined  for  different 
exposure  times.  If  these  transmission  values  are  related  to  those  of 
protective  lenses  suitable  lenses  can  be  selected,  Welders  assistants 
may  have  to  wear  coloured  lenses.  It  has  been  suggested  that  those  8  feet 
or  more  from  the  welding  operation  do  not  need  protection  (Ingram  and 
Horstman,  1977). 
The  welder  should  erect  screens  to  protect  neighbourhood  workers  and 
passers-by  from  his  -arc.  Plastic  curtains  of  colours  which  absorb  the 
damaging  wavelengths  are  available  (Sherr,  1972).  These  allow  light  to 
enter  the  welding  area  and-avoid  the  welder  feeling  completely  cut  off. 
Welders  may  wear  contact  lenses  but  must  remove  these  whenever  they'  think 
they  have  "caught  a  flash"  as  the  lens  over  the  injured  cornea  will  cause 
increased  irritation  (Highgate,  1974.,  Carr,  19;  6). 
Welders  also  have  a  high  incidence  of  foreign  body  eye  injuries  (McMillan, 
1975.,  Cape,  1979)  due  mainly  to  chipping  slag.  Once  the  welding  run  is 
complete  a  layer  of  slag  will  remain  if  a  coated  electrode  has  been  used. 
They  cannot  see  through  the  filter  lens  to  chip  this  off  and,  unless  the 
helmet  has'a  flip-up  lens  holder  with  underlying  impact  resistant  lens, 
he  lifts  the  helmet  and  thus  leaves  his  eyes  unprotected.  He  should  wear 
"safety  spectacles.  Sometimes  these  slag  particles  are  hot  and  cause  corneal 
burns.  Intra-occular  injury  is  fortunately  rare. 
-  136  - The  arc  emits  infra-red  radiation  which  has  caused  denaturing  of  lens 
protein  and  cataracts  in  glass  blowers  and  founders  but  no  cases  have 
been  recorded  in  welders  (Doig  and  Duguid,  1951.,  Fogh  et  al,  1969., 
Dammal  et  al,  1973)" 
4.5.4  Skin  injuries 
The  ultra-violet  radiation  causes  skin  erythema  (Everett  et  al,  1965., 
Freeman  et  al,  1966.,  Gammal  et  alp  1975.,  Cape,  1979)  and  skin 
pigmentation  (Pathak  and  Epstein,  1971).  Other  sources  of  UV  radiation 
have  been  associated  with  skin  cancer  (Emmett,  1973,1975),  actinic 
elastosis,  phototoxic  and  photoallergic  effects  (Pathak  and  Epstein, 
1971).  The  action  spectrum  has  been  defined  for  the  erythema  and 
pigmentation  (Leach,  1970.,  Pitts  and  Tredici,  1971.,  Sliney,  1972., 
Gulvady,  1976).  The  infra-red  radiation  may  contribute  to  skin  erythema. 
The  welders  recognise  the  cause  of  the  erythema  and  call  it  "ray  burn". 
It  is  very  common  especially  at  the  V  of  the  neck  when  the  overall  is 
unbuttoned  and  on  the  front  of  the  skin  when  the  welder  is  working 
seated  or  squatting  and  thetrouser  leg  rides  up.  It  is  said  that  the 
ultraviolet  can  penetrate  nylon  (Ross,  1978.,  Cape,  1979)  and  thin  cotton 
(Ross,  1978)  and  this  is  one  reason  why  these  are  avoided  in  overalls. 
During  welding  globules  of  molten  metal  spray  off  around  the  welder  and 
may  cause  moderately  severe  burns  if  they  lodge  in  shoes  or  in  folds 
between  skin  and  clothing  especially  at  the  belt.  All  welders  known  to 
the  author  bear  multiple  small  scars  especially  on  the  neck  and  upper 
chest  and  an  the  arms.  This  prevents  single  blind  clinical  examinations 
as  the  examiner  can  immediately  differentiate  between  welders  and  controls. 
Most  protective  clothing  for  welders  is  of.  poor  design  as  adequate 
protection  usually  results  in  a  cumbersome  constricting  garment  which 
makes  the  welder  very  hot. 
4. 
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great  trouble  to  provide  welders  with  garments  which  protect  and  are 
comfortable.  These  are  made  of  an  aromatic  polyamide  material  coated 
at  the  front  with  synthetic  rubber  and  with  neoprene  over  the  back  to 
the  shoulder  blades  and  on  the  sleeves. 
The  workpiece  is  often  very  hot  and  unless  protected  the  welder  may 
burn  his  hands.  Leather  or  asbestos  and  aluminium  gloves  should  be  used. 
Two  other  stigmata  of  the  welder  have  been  described,  both  related  to 
spot  welding  in  the  motor  vehicle  industry.  Jirasek  (1979)  describes 
disseminated  rusty  brown  minute  macules,  varying  in  size,  of  irregular 
shape  on  the  volar  aspects  of  the  unprotected  arms  and  forearms  upon 
which  fell  sparks  during  the  spot  welding  process.  Cape  (1979)  mentions 
this  tattooing  effect  on  the  fingers  which  may  be  penetrated  by  the 
particles  setting  up-an  inflammatory  reaction  as  a  result  of  multiple 
foreign  bodies  and  deep  burning. 
4.5.5  Hot  environment 
The  welding  environment  may  become  very  hot  and  dry  especially  in  a 
pre-heated  weld  situation.  Care  must  be  taken  to  prevent  heat  collapse 
by  limiting  stay  times  and  provide  saline  drinks.  Exposure  times  at 
various  wet  and  dry  bulb  temperatures  are  given  in  Bell  et  a?  (1971). 
--Heat  shields  may  be  erected  to  protect  the  welder  from  radiant  heat. 
4.5.6  Noise 
Welders  may  be  exposed  to  high  sound  levels  from  their  own  processes 
egg  plasma  arc  produces  high  frequency  noise  (EMAS,  1972)  at  110-120  dB(q), 
Spelbrink,  1976,  or  that  of  others  such  as.  iron  caulkers  using  pneumatic 
, 
tools.  Rodin  and  his  colleagues  (1975)  found  perceptive  deafness  in  117 
-  132  - of  339  welders  examined  and  considered  that  noise  contributed  significantly 
to  this.  Ross  (1978)  found  that  33  of  926  welders  had  hearing  losses 
which  adversely  affected  social  life.  Many  designs  of  head  shields  do 
not  allow  ear  defenders  to  fit  correctly.  Welders  may  trim  the  edges  to 
fit  round  the  muffs., 
4.5.7  General  work  site  safe 
Welders-must  work  tidily  lest  they  trip  or  slip.  They  must  ensure  that 
staging  or  scaffolding  provided  is  properly  erected  and  wear  safety  harness 
if.  there  is  a  foreseeable  risk  of  falling.  Safety  helmets  should  be 
compulsory  when  men  are  working  above  them  and  they  must  take  care  not  to 
allow  "missiles"  to  leave  their  work  site.  Electrodes  should  be  held  in 
a  special  quiver  to  prevent  them  falling  when  the  weld  er.  bends  over. 
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CONCLUSIONS 
Welding  is  a  potentially  hazardous  process  which  may  harm  both  the 
operator  and  others  in  the  workplace.  To  what  extent  has  that  potential 
been  realised  and  what  steps  should  be  taken  to  reduce  the  risk  to 
contemporary  acceptable  standards?  Having  studied  the  variety  of  welding 
processes  and  the  variables  which  may  act  alone  or  together  to  alter  the 
quantity  and  quality  of  fumes  and  gases  emitted  from  each  process  and, 
once  produced,  may  be  inhaled  by  the  welder  it  is  not  difficult  to 
conclude  that  there  is  no  single  answer  applicable  to  all  welders.  Indeed 
much  of  the  confusion  and  differences  in  opinion  are  most  likely  to  be  due 
to  attempts  to  extrapolate  results  of  studies  of  one  group  of  welders  to 
another  with  different  exposure.  Unfortunately  very  few  studies  define, 
even  loosely,  the  type  and  amount  of  fumes  and  gases  which  may  have  been 
inhaled  by  the  welder  and  thus  it  may  be  necessary  to  study  ones  welders 
and  the  environment  before  the  risk  can  be  assessed. 
This  was  the  situation  in  the  Dockyards  when  the  idea  of  the  current 
study  was  conceived.  Preliminary  investigations  showed  that  three  main 
processes  were  used  in  the  Yards  (MMA,  MIG  and  TIG)  and,  this  impression 
has  been  confirmed  by  the  detailed  inquiry  carried  out.  by  the  occupational 
hygienists.  Any  impression  that  this  entirely  simplifies  the  exposure  is 
destroyed  when  one  notes  the  wide  variety  of  electrodes,  base  metals  and 
surface  coatings  which  contribute  'to  pollutants.  The  nature  of  the 
potential  hazards  of  these  pollutants  can  be  minimised  as  described  in 
Chapter  3 
. 
by  selecting  the  least  toxic  technically  acceptable  electrode; 
adjusting  welding  parameters  to  minimise  emission,  removing  surface 
coatings,  providing  exhaust  ventilation  which  can  be  used  relatively 
easily  in  the  workplace  and  remove  both  gases  and  fumes,  ensuring  that 
respirators  and  other  protective  equipment  are  really  suitable  to  both 
-135  _ the.  welder  and  the  task.  More  effort  must  be  applied  to  training  and 
motivating  the  welder  to  work  safely. 
It  should  be  possible  to  control  the  hazards  of  acute  physical  and 
chemical  injury  relatively  easily  as  the  cause  and  effect  of  these  is 
usually  readily  linked,  eg  zinc  fume  and  metal  fume  fever,  UV  radiation 
and  arc  eye,  spatter  and  burns,  oxygen  enrichment  and  fires.  Welders 
need  assistance  to  protect  themselves  from  special  metal  intoxication. 
They  should  not  be  expected  to  know  the  composition  of  all  the  materials 
they  work  on;  it  is  a  management  responsibility  to  ensure  that  they  haue 
sufficient  knowledge  to  take  proper  precautions. 
It  is  much  more  difficult  to  determine  if  welders  suffer  chronic  adverse 
effects  on  health  which  can  be  attributed  to  their  work.  As  stated  above 
examination  of  individual  groups  of  welders  may  be  required  and  was  found 
to  be  necessary  in  the  Dockyards.  One  must  not  be  entirely  parochial  in 
such  an  investigation  and  the  various  studies  have  been  designed  to  allow 
extrapolation  to  other  populations  when  this  is  appropriate.  As  resources 
and  opportunities  are  never  unrestricted  one  must  identify  priorities 
identified  from  previous  studies  of  welders,  the  recognised  hazards  of 
pollutants  and,  not  least,  the  questions  posed  by  the  welders  to  be  studied 
and  the  whole  welding  fraternity. 
, 
Practicable  methods  of  determining  the  actual  breathing  zone  concentrations 
are  urgently  required.  Currently  available  methods  are  too  crude  or,  if 
sufficiently  sophisticated,  cannot  be  taken  to  many  work  sites  and/or 
impede  the'  welder%thus  the  estimated  exposure  is  unlikely  to  reflect  the 
true  day-to-day  exposure.  Studies  of  the  inhalation  of  pollutants  and 
their  fate  must  be  continued  as  together  with  accurate  estimates  of  exposure 
.  these  will  assist  in  ensuring  the  validity  of  Threshold  Limit  values. 
However,  the  final  test  of  the  effect  of  pollutants  is  epidemiological 
-  136  - study  of  welders  and  only  these  will  go  any  way  to  satisfactorily 
allaying  the  anxieties  expressed  by  some  welders. 
As  the  main  route  of  entry  of  pollutants  to  the  body  is  through  the 
respiratory  tract  it  is  most  likely  that  this  will  be  the  site  of 
adverse  effects.  Much  has  been  written  of  upper  respiratory  tract 
symptoms.  While  these  must  -be  uncomfortable  and  unpleasant  for  the 
welder  and  the  causes  must  be  eliminated,  they  are  unlikely  to  disable 
the  man  significantly  nor  to  reduce  his  life  span.  Respiratory 
disability  and  premature  death  have  been  claimed  by  some  welders  and 
indeed  the  former  appears  to  have  been  demonstrated  in  some  of  the 
studies  referred  to.  Thus  these  two  subjects  require  further  study  in 
relation  to  the  Dockyard  welders.  The  toxicology  of  the  major  welding 
pollutants  suggests  that  any  respiratory  disease  would  be  of  an 
obstructive  nature.  As  stated  earlier  the  nature  of  arc  welders 
pneumoconiosis  has  been  and  still  is  vigorously  debated.  This  debate 
extends  into  the  Yards  and  thus  requires  investigation. 
If  significant  amounts  of  some  metals  such  as  manganese  are  absorbed  then 
systems  other  than  the  respiratory  tract  may  be  affected,  therefore 
controlled  studies  of  blood  levels,  where  appropriate,  are  important  and 
if  excessive  absorption  is  apparent  studies  to  seek  clinical  features 
would  be  appropriate.  Based  on  this  interpretation  of  the  data  reviewed 
it  was  decided  to  pursue  the  studies  listed  in  the  Introduction. 
The  retrospective  morbidity  study  based  on  sickness  absence  data,  medical 
discharges  and  selective  employment  in  welders  and  controls  is  designed 
to  determine  if  there  is  any  factual  evidence  of  disability  affecting 
work  attendance  more  in  welders  than  in  others  once  due  cognisance  has 
been  given  to  variables  other  than  occupation  known  or  thought  to  affect 
attendance.  The  mortality  study  seeks  evidence  of  'relatively  premature 
'1  37  _ death  or  excess  death  rates  from  all  and  specific  causes.  These  and  the 
study  of  the  acute  effects  on  lung  function  of  welding  are  new  approaches 
to  the  subject.  The  opportunity  of  estimating  and  developing  improved 
methods  of  exposure'  levels,  and  blood  concentrations  of  welders  was  taken 
during  the  acute  effects  study.  Many  clinical  studies  have  been  reviewed 
in  this  text  and  one  may  question  the  need  for  another.  However,  mindful 
of  the  dangers  of  applying  results  from  one  group  to  another  and  the 
rather  conflicting  evidence  available,  the  need  is  apparent.  Furthermore 
it  served  as  an  expression  of  gratitude  to  the  welders  in  the  Dockyards 
as'  without  their  very  active  co-operation  none  of  the  studies  would  have 
been  possible. 
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The  application  of  Threshold  Limit  Values  and  Synergistic  Hazard  Indices 
to  welding  pollutants 
Threshold  Limit  Values  (TLV)  are  time  weighted  average  concentrations 
of  substances  to  which  it  is  considered  that  nearly  all  workers  may  be 
exposed  for  an  8  hour  working  day  and  40  hour  working  week  throughout 
their  working  lives  without  adverse  effects.  TLV's  for  fumes  are 
expressed  as  milligrammes  of  the  substance  per  cubic  metre  of  ambient 
air  while  for  gases  they  are  expressed  as  parts  per  million.  The 
greater  the  TLV  the  less  serious  is  the  presumed  risk  from  exposure. 
For  most  substances  the  time  weighted  average  permits  limited  excursions 
above  the  TLV  provided  that  these  are  compensated  for  by  equivalent 
excursions  below  the  limit  during  the  working  day.  For  some  substances 
a  maximum  or  ceiling  limit  is  applied. 
This  concept  of  using  time  weighted  averages  as  a  guide  to  the  safety 
of  exposure  may  not  be  a  realistic  expression  of  a  welders  exposure*as 
the  concentration  of  fumes  and  gases  increases  very  considerably  during 
arcing  and  falls  to  a  much  lower  level  between  arcs.  These  excursions 
may  greatly  exceed  that  permitted  but  remain  undetected  by  most  sampling 
methods  which  are  insufficiently  sensitive.  All  generally  available 
sampling  methods  gross  up  exposure  over  a  relatively  long  period  and 
thus  fail  to  demonstrate  the  peaks  or  are  totally  unrepresentative  spot 
samples.  Only  serial  recording  demonstrates  the  peaks  but  this  method 
requires  extensive  statistical  manipulation  to  arrive  at  the  time 
weighted  average  which  is  the  current  requirement. 
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that  these  do  not  arise  singly  and  thus  their  combined  effect  must 
be  considered.  In  the  absence  of  information  to  the  contrary  the 
effects  of  the  different  substances  are  considered  to  be  additive,  the 
basis  of  the  Synergistic  Hazard  Index  which  for  an  8  hour  shift  is 
calculated  using  the  formula  SHI  =  T'  + 
C2 
+Cn  where  C 
TL  Y 
concentration  of  the  substance  in  air  and  T=  TL'1  for  that  substance. 
SHI  of  unity  or  less  is  acceptable.  There  are  more  complex  formulations 
for  other  time  periods  and  incorporating  background  exposures.  The 
weakness  of  all  these  systems  is  the  assumption  that  the  effects  are 
additive  whereas  the  relationship  may  be  more  complex. 
TLV's  are  published  by  the  American  Conference  of  Government  Industrial 
Hygienists  and  these  are  usually  accepted  by  the  Health  and  Safety 
Executive  for  use  in  this  country.  The  values  are  based  on  best 
available  evidence.  Thus  values  applied  to  welding  pollutants  are 
frequently  translocated  from  other  industries  and  may  reflect  animal 
or  even  bacterial  test  experience  rather  than  effects  on  humans.  In 
many  cases  the  standards  are  written  to  include  not  only  the  prime 
metals  but  also  their  oxides  and  other  compounds  which  may  have  the 
capability  to  provoke  significantly  different  physiological  responses. 
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